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INTRODUCTION

Cood r i p e n i n g  a n d  f o r m a t io n  o f  f l a v o u r s  i n  d r y  s a u s a g e s  a r e  t h e  c o n s e q u e n c e  o f  com=  
N-ex  p h en o m en a  d e p e n d in g  o n  a  n u m ber o f  f a c t o r s ,  e x t r i n s i c  ( t e m p e r a t u r e ,  h u m id i t y ,  

a n d  i n t r i n s i c ,  c o r r e l a t e d  w i t h  t h e i r  b a c t e r i a l  f l o r a  ( n i t r a t e  r e d u c t i o n ,  h y=  
^ o l y s i s  o f  p r o t e i n s ,  f a t s ,  c a r b o h y d r a t e s  e t c . ) .
R ecen t i n v e s t i g a t i o n s  p e r fo r m e d  b y  u s  ( G i o l i t t i ,  196® , G i o l i t t i  & M a s s a c r a ,  1 96 3 ) 
and b y  o t h e r s  (T e n  C a t e ,  1=96$, T e r p la n ,  1 9 6 2 ,  M a i l l e t  & H e n r y , 1 9 6 2 ,  N i i n i v a a r a ,  1 9 6 4 » 

& N i i n i v a a r a ,  1 9 6 4 ) h a v e  p o i n t e d  o u t  t h a t  m ic r o o r g a n is m s ,  a n d  am ong th em  t h e  
l i p o l y t i c  o n e s  p l a y  a n  im p o r t a n t  r o l e  i n  t h e  r i p e n i n g  o f  s a u s a g e s  a n d  i n  t h e  fo rm a =  
l i o n  o f  f l a v o u r s .
1ft o u r  f o r m e r  i n v e s t i g a t i o n s  w e p o i n t e d  o u t  t h a t  am ong t h e  m ic r o o r g a n is m s  r e s p o n s i =
I’l e  f o r  t h e  b r ea k d o rm  o f  n e u t r a l  f a t s  t h e  M i c r o c o c c i  c o u l d  b e  c o n s i d e r e d  m o s t  im =  
^ £ £ ta n t . W ith  t h e  a im  o f  c h e c k in g  t h i s  h y p o t h e s i s ,  i n  a  p r e v i o u s  p a p e r  ( C a n t o n i ,  Mas** 
Sac r a ,  R en on  & g i o l i t t i ,  1 9 6 4 ) t h e  l i p o l y t i c  a c t i v i t y  on  s w in e  f a t  o f  M ic r o c o c c a c e a e  
>ras i n v e s t i g a t e d  (so m e  o f  t h e  s t r a i n s  t e s t e d  w e r e  i s o l a t e d  fro m  s a u s a g e s ) ,  t h e  m o st  
im p o r ta n t  f a t t y  a .c id s  r e l e a s e d  w e r e  i d e n t i f i e d  a n d  a  c o r r e l a t i o n  b e tw e e n  t h e  am ou nt 
° 1' f r e e  f a t t y  a c i d s  a n d  b a c t e r i a l  g r o w th  w a s  d e m o n s t r a t e d .
t h e r e f o r e  i t  s e e m e d  t o  u s  o f  t h e o r e t i c a l  a n d  p r a c t i c a l  i n t e r e s t  t o  i n v e s t i g a t e  m ore  
Cah e f u l i y  t h e  a c t i v i t y  o f  l i p o l y t i c  m ic r o o r g a n is m s  on  s w in e  f a t  b y  i d e n t i f y i n g  n o t  
°nl y  t h e  f a t t y  a c i d s  r e l e a s e d  b y  t h e  b a c t e r i a l  l i p a s e s ,  b u t  t h e  p r o d u c t s  o f  t h e i r  

•^ak d ow n  t o o ,  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  f a c t  t h a t  t h i s  i n v e s t i g a t i o n  c o u l d  co n =  
^ i b u t e  t o  a  b e t t e r  k n o w le d g e  o f  t h e  s u b s t a n d e s  i n v o l v e d  i n  t h e  p r o d u c t i o n  o f  f l a =  
V°U rs a n d  i n  c o n t r o l l i n g  t h e  b a c t e r i a l  g r o w th  d u r in g  r i p e n i n g .

METHODS
I0 t h i s  a im  t h r e e  b a c t e r i a l  s t r a i n s  b e l o n g i n g  t o  M i c r o c o c c a c e a e  w e r e  u s e d ?  U i c r o c o c = 

s t r a i n  D IO , M ic r o c o c c u s  s t r a i n  C 1 3 , b o t h  i s o l a t e d  fro m  d r y  s a u s a g e s  a n d  i d e n t i =  
a s  b e l o n g i n g  t o  t h e  L a c t i s - s a p r o p h y t i c u s  g r o u p  a c c o r d i n g  t o  B a i r d - P a r k e r ,  I 9 6 I ,

S t a p h y l o c o c c u s  a u r e u s  s t r a i n  78 ATCC, c o a g u l a s e  p o s i t i v e .
ih s t r a i n s  w e r e  k e p t  i n  t h e  f o l l o w i n g  m egiu m t

6P to n e  g .  5 , y e a s t  e x t r a c t  ( D i f c o )  g .  5 . N aC l g .  2 0 ,  A g a r  ( O x o id  n .  3 ) g .  
m)-s t i l l e d  w a t e r  m l 1 , 0 0 0 .  pH 6 , 5  t o  6 , 7 .

12 ,
ip .111 J.,V

e m edium  u s e d  t o  d e t e c t  t h e  a c t i o n  o f  t h e  s t r a i n s  u n d e r  e x a m in a t io n  o n  s w in e  f a t  
p3-8 t h e  f o l l o w i n g '

® Ptone g .  1 0 ,  y e a s t  e x t r a c t  ( D i f c o )  g .  5s N a C l g .  5s d i s t i l l e d  w a t e r  m l 1 , 0 0 0 .
»  « , 5  t o  6 , 7 .
 ̂ I 3OOO m l o f  t h i s  m edium  s t i l l  h o t ,  1 0 0  g r  o f  t r a g a c a n t h  gum w e r e  a d d e d  i n  o r d e r  

tp ma^e emu -̂s a o n  o f  f a t  e a s i e r ,  an d  5C0 m l o f  m e l t e d  l a r d .
e m ix t u r e  w a s  h o m o g e n iz e d  i n  a  m ix e r  u n t i l  a  s t a b l e  e m u ls io n  w a s  o b t a i n e d ’.
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INVESTIGATIONS ON THE C -  C PATTY ACIDS

4 20
jjSTHQDS; F l a s k s  c o n t a i n i n g  3 , 0 0 0  m l o f  t h e  c u l t u r e  m edium  w e r e  i n o c u l a t e d  w i t h  t h e  
g ro w th  on  a g a r  s l a n t s  o f  t h e  d i f f e r e n t  s t r a i n s  i n c u b a t e d  f o r  48 h o u r s  a t  30°C  ( M i= 
¿ r o c o c c i ) a n d  a t  3 7 °C ( S t a p h y l o c o c c u s ) s u s p e n d e d  i n  s a l i n e  t o  s u c h  a n  am ou nt t o  h a v e  
a c o n c e n t r a t i o n  o f  1 0  c e l l s  p e r  m l o f  t h e  l i q u i d  m ed iu m . T h e f l a s k s  w e r e  in c u b a t e d  
a t  3 0 ° c  ( M i c r o c o c c i ) a n d  37°C  ( S t a p h y l o c o c c u s )  f o r  28  d a y s .
Sam pie s  o f  t h e  c u l t u r e s  w e r e  t a k e n  t o  h e  a n a l y z e d  a f t e r  4? 8? 1 2 ,  1 6 ,  2 0 ,  24> 28  
i a Ys o f  i n c u b a t i o n .
■ ê l a r d  u s e d  i n  a l l  e x p e r i m e n t s  w a s  a n a l y z e d  t o o ,  a f t e r  b e i n g  s a p o n i f i e d ,  i n  o r d e r  
T° f i n d  o u t  i t s  f a t t y  a c i d  c o m p o s i t i o n .  F o r  t h i s  p u r p o s e  tw o  m e th o d s  w e r e  u s e d :  
i n t e r e s t e r i f i c a t i o n  ( ¡ S t o f f e l ,  1 9 5 9 )  a n d  m e t i l a t i o n  i n  s e a l e d  v i a l s  w i t h  s u l p h u r i c  
a° i d  a n d  m e t h a n o l  ( B e n a s s i , 1 9 6 4 )  u s i n g  t h e  s o a p s  o b t a i n e d  b y  t r e a t i n g  t h e  f a t  w i t h  
h e t h y l a l c o h o l i c  p o t a s s iu m  h y d r o x y d e .  T he g a s - c h r o m a t o g r a p h ic  a n a l y s i s  g a v e  t h e  sam e  
R e s u l t s  w i t h  b o t h  m e t h o d s .

f l e c t i o n  e f  f r e e  f a t t y  a c i d s  i n  t h e  c u l t u r e  m edium  b e f o r e  b e i n g  i n o c u l a t e d  a n d  d u -  
■ Sjn g  t h e  b a c t e r i a l  g r o w t h .
^  ml o f  t h e  c u l t u r e  m edium  w e r e  e x t r a c t e d  w i t h  e t h £ l  e t h e r  an d  p e t r o l  e t h e r  ( b . p .
^ 0 — 5 0 °C ) 4  ? 6 ( v / v )  i n  a  s e p a r a t o r y  f u n n e l  b e f o r e  b e i n g  i n o c u l a t e d  a n d  a t  t h e  
^im es a l r e a d y  sh o w n  a f t e r  in o c u lu m .
^ le w a t e r y  p h a s e  w a s  d i s c a r d e d  a n d  t o  t h e  e t h e r  p h a s e  e t h a n o l  w i t h  som e d r o p s  o f  
^ en o l p h t a l e i n  w e r e  a d d e d  t o  l / l  r a t i o  ( v / v ) .  NaOH 4 n .  w a s  a d d e d  d r o p w is e  u n t i l  a
P ink  c o l o u r  a p p e a r e d  a n d  t h e n  d i s t i l l e d  w a t e r  u n t i l  tw o  d i s t i n c t  l a y e r s  w e r e  o b t a i =
bed..

s o a p  s o l u t i o n  w a s  c o n c e n t r a t e d  i n  a  w a t e r  b a t h  a f t e r  h a v i n g  w a s h e d  i t  w i t h  e t h e r  
111 o r d e r  t o  e l i m i n a t e  t h e  r e s i d u a l  f a t ,  t h e  r e s i d u e  t r a n s f e r r e d  i n  a  c a p s u l e ,  d r y e d

The 
* i t h  
Th.

an  o v e n  a t  1 0 5 °C . a n d  w e i g h e d .
e s t e r i f i c a t i o n  w a s p e r fo r m e d  w i t h  t h e  B e n a s s i ’ s  m e th o d  t r e a t i n g  t h e  so d iu m  s a l t s  

m e t h a n o l  a n d  s u l p h u r i c  a c i d  40  : 6 0  ( w / v )  i n  a  s e a l e d  v i a l ,  
g a s - c h r o m a t o g r a p h i c  a n a l y s i s  w e r e  p e r fo r m e d  w i t h  a  f la m e  i o n i z a t i o n  c h r o m a to g r a p h  

f inm " E r b a " ,'m o d e l  D . T he o p e r a t i n g  c o n d i t i o n s  w e r e :  WEAS c o lu m n  (C h r o m o so r b  + s u c =
° i h i c  
be a c i d ^ s t e r s )  2 m l e n g h t ,  c o lu m n  t e m p e r a t u r e  l 8 5 ° C . ,  i n j e c t i o n  b l o c k  t e m p e r a t u -

e 3 2 0 ° C , d e t e c t o r  t e m p e r a t u r e  2 7 0 ° C , p r e s s u r e  i n  t h e  c o lu m n  0 , 6 5  K g/cm  , h y d r o g e n  
c t o m a t o g r a p h ic  g r a d e )  p r e s s u r e  0 , 3 5  K g/cm  , o x y g e n  p r e s s u r e  ( a i r ,  c h r o m a t o g r a p h ic  

^ b ad e) i 5o  K g /cm ^ , c a r r i e r  g a s :  n i t r o g e n  ( c h r o m a t o g r a p h ic  g r a d e ) ,  p a p e r  s p e e d  100mm
m in u t e .  I n  e a c h  a n a l y s i s  t h e  in o c u lu m  w a s  o f  1  -  2 m i c r o l i t e r s .Per

t'hjNhTS The r e s u l t d  a r e  sh o w n  i n  t a b l e  1 ;  i n  c o lu m n  A t h e  t o t a l  f a t t y  a c i d s  d e t e c t e d  
ln  l a r d  a r e  l i s t e d .  I n  c o lu m n  B t h e  f r e e  f a t t y  a c i d s  p r e s e n t  i n  t h e  c u l t u r e  m edium
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b e f o r e  'b e in g  i n o c u l a t e d ,  a n d  i n  t h e  o t h e r s  t h e  f a t t y  a c i d s  r e l e a s e d  b y  t h e  t e s t e d  
s t r a i n s  a t  t h e  v a r i o u s  p e r i o d s  o f  i n c u b a t i o n .  A l l  t h e  f i g u r e s  a r e  r e f e r r e d  t o  1 0 0  

o f  n e u t r a l  f a t ,
DISCUSSIONi A t i t  h a s  b e e n  p r e v i o u s l y  p o i n t e d  o u t  ( C a n t o n i  e t  A 1 . ,  1 9 6 4 ) "tb® Mi = 
¿ g o c o c c a c e a e  t e s t e d  a r e  s t r o n g l y  l i p o l y t i c ,  t h e  m o s t  a c t i v e  s t r a i n  b e i n g  M ic r o c o o = 
■ SHs C I3 , t h e  l e s s e r  o n e  S t a p h y l o c o c c u s  s t r a i n  78 ATCC.
Q u a l i t a t i v e l y  a l l  t h e  s t r a i n s  h a v e  g i v e n  t h e  sam e f a t t y  a c i d s ,  d i f f e r e n c e s  h o w e v e r  
a r e  o b s e r v e d  i n  t h e i r  a m o u n ts .
28 f a t t y  a c i d s  r e l e a s e d  b y  t h e  b a c t e r i a l  l i p o l y t i c  e n z y m e s  h a v e  b e e n  d e t e c t e d :  t h e  
l a r d  u s e d  c o n t a i n e d  2 2  o f  th e m , i n  t h e  s t e r i l i z e d  c u l t u r e  b r o t h  o n l y  21  c o u l d  b e  
sh o w n . As a  c o n s e q u e n c e  o f  t h e  b a c t e r i a l  m e t a b o l i s m ,  w e h a v e  o b s e r v e d  t h e  a p p e a =  
r a n c e  o f  a m o u n ts  p r o g r e s s i v e l y  i n c r e a s i n g  o f  f r e e  f a t t y  a c i d s ,  am ong th em  t h o s e  
^ i t h  a  c h a i n  o f  a  n u m b er o f  c a r b o n  a to m s  lo w e r  t h a n  8  d id  n o t  e x i s t  i n  t h e  l a r d  a n d  
rcust b e  c o n s i d e r e d  a s  a  p r o d u c t  o f  t h e  b r e a k d o w n  o f  f a t t y  a c i d s  w i t h  a  l o n g e r  c h a i n ,  
^ h i l e  t h e  t o t a l  am o u n t o f  f r e e  f a t t y  a c i d s  i n c r e a s e s  w i t h  t h e  a g e  o f  t h e  c u l t u r e ,
^he p e r c e n t  v a l u e s  o f  t h e  i n d i v i d u a l  f a t t y  a c i d s  sh o w s  d i f f e r e n c e s  w h ic h  may d e p e n d  
° n t h e  n e u t r a l  f a t s  - s t r u c t u r e  a n d  fr o m  t h e  s u b s e q u e n t  u t i l i z a t i o n  o f  t h e  f r e e  f a t t y  
a° i d s  l i b e r a t e d  b y  t h e  m ic r o o r g a n is m s .
■ ĥe f a t t y  a c i d s  m ore e a s i l y  r e l e a s e d  a r e  o l e i c , a n d  t o  a  l e s s e r  e x t e n t  m y r i s t i c ,  
Da l m i t o l e i c  a n d  l i n o l e i c  a c i d s ;  p a l m i t i c  a n d  s t e a r i c  a c i d s  a r e  r e l e a s e d  w i t h  a  g r e =  

-difficulty.
A oong t h e  28 f a t t y  a c i d s  w h ic h  h a v e  b e e n  d e t e c t e d ,  2 0  w e r e  c e r t a i n l y  i d e n t i f i e d ,  8
Dave n o t  b e e n  a n d  a r e  i n d i c a t e d  w i t h  t h e  s y m b o ls  X - 0 , . . .............. . X - 7 . Among th em  X - 2 ,
■̂ -4, X - 5 ,  X -7  a r e  p r e s e n t  i n  t h e  l a r d .

4® an  h y p o t h e s i s  w e s u p p o s e  t h a t  X - 4  a n d  X - 5  c o u l d  b e  t h e  c i s  a n d  t r a n s  i s o m e r s  o f  
l i n o l e i c  a c i d ,  X -7  c o u l d  b e  p e r h a p s  i d e n t i f i e d  a s  a r a c h i d o n i c  a c i d ,  X - 0 ,  X - l ,  X -3  
and X -6  c o u l d  n o t  b e  i d e n t i f i e d .

INVESTIGATIONS ON THE FATTY ACIDS
lD-e f a t t y  a c i d s  w i t h  s h o r t  c a r b o n  a to m  c h a i n  p l a y  p r o b a b ly  a  v e r y  im p o r ta n t  r ô l e  i n  
1-De r i p e n i n g  o f  d r y  s a u s a g e s .  T h e i r  a n t i b a c t e r i a l  a n d  f l a v o u r i n g  p r o p e r t i e s  m ay in =  
f l u e n c e  t h e  C o m p o s i t io n  o f  t h e  m i c r o f l o r a  d u r in g  r i p e n i n g  a n d  c o n t r i b u t e  t o  t h e  
f l a v o u r s  f o r m a t i o n .

300  m l o f  t h e  f a t  c o n t a i n i n g  m edium  i n o c u l a t e d  a s  p r e v i o u s l y  d e s c r i b e d  
V erc t a k e n  a f t e r  4 ,  8 ,  1 2 ,  1 6 ,  2 0 ,  2 4 , 28 d a y s  o f  i n c u b a t i o n ;  t h e y  w e r e  m ade a c i d  

c o n c e n t r a t e d  p h o s p h o r ic  a c i d  t o  pH 3 a n d  t h e n  d i s t i l l e d .  T h e d i s t i l l a t e  w a s  
° ° U e c t e d  i n  1 0  m l o f  NaOH I n .
^De so d iu m  s a l t s  o f  t h e  f a t t y  a c i d s  w e r e  c o n c e n t r a t e d  t o  a  s m a l l  v o lu m e  i n  w a t e r  

t r a n s f e r r e d  i n  a  c a p s u l e  a n d  d r y e d  i n  a n  o v e n  a t  105 °C*
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The gas chroma,tography was performed w ith  the above mentioned apparatus. Two methods 

were used fo r  the f a t t y  a cid s evalu ation ? the R a l ls 's  method ( i 9 6 0 ) and another s e t  

UP by one o f us (Molnar, u n pu b lish ed ). With the R a l l s 's  method, which a n a liz e s  the 
ethyl e ste r s  obtained by p y ro ly zin g  the a lc a lin e  s a l t s  in  the presence o f potassium  
eth ylsu lp h a te, we have estim ated q u a n t ita t iv e ly  the form ic, p ro p ion ic, b u tyr i c ,  is o =  
b u ty ric, v a le r ic  and is o v a le r ic  a c id s , but not the a c e t ic  a c id  because in  the chro­
matogramme the ethanol peak, r e s u lt in g  from the decom position of the e th y ls u lp h a te ,  

is  superimposed on th a t o f the e th y la c e ta te .
To overcome th is  d i f f i c u l t y  we have used M olnar's method, which i s  based on the py= 
r° l y s i s  o f sodium or potassium  s a lt s  o f f a t t y  a cid s  in  the presence o f potassium  

hydrogen sulphate?
RCOOK + KHSO = RCOOH + K SO 

4 2 4
hsing t h is  method we succeeded in  o b ta in in g  a chromatogramme which allow ed us to  

estim ate the a c e t ic  a c id  to g e te r  w ith  the other a cid s except form ic a cid  which 

°annot be d e te cte d  by the flam e io n iz a tio n  d e te c to r . The amounts o f f a t t y  a cid s  
which could be d e te cte d  w ith both methods were the same and th is  fa c t  was considered  

°onfirm atory fo r  t h e ir  r e c ip ro c a l e f f e c t iv e n e s s .
The p p eratin g co n d itio n s were?
j j j j t h y l  e s te r s  a n a ly s is ? Column WEAS, 2m le n g th , column temperature 60°C, in je c t io n  

block temperature 190°C, d e te c to r  temperature 120°C, hydrogen pressure 0,2 Kg/cm , 
Nitrogen pressure 0,36 Kg/cm , oxygen pressure ( a ir )  1 ,0  Kg/cm , c a r r ie r  gas s n i -  

^Pogen, paper speeds 100 mm/ minute.
B-Lj?Pee f a t t y  a cid s  a n a ly s is ? WEAS column, 2m le n g th , column temperature 120°C, 
E je c t io n  b lo ck  tem perature 230 °C ., d e te c to r  tem perature 170 °C , hydrogen pressure  
° j30 Kg/cm ; n itro g e n  pressu re 0 , 6 7  Kg/cm , oxygen pressure (a ir )  1 ,0  Kg/cm , c a r -  

gass n itro g e n , paper speed 100 cm/ minute.
The p y r o ly s is  was performed in  an apparatus d evised  by one o f us (Renon) a t a tempe=

1‘a-tur6 of 350°C fo r  30 seconds.
j ^ L T S ;  the r e s u lts  are shown in  t a b l e d ,  where the percentages o f fr e e  f a t t y  acid s  

V o la t i le )  produced by the s tr a in s  under exam ination are ta b u la te d  as re fe rre d  to  

g of n e u tra l f a t .
% ? ocqccus RIO was the h igh er producer o f v o l a t i l e  f a t t y  a cid s (from 0,002 to 0,096 

Per c e n t) , Staphylococcus 78 the low er (from 0,002 to 0,022 mg per cen t) and M i- 

^£££oocus C13 y ie ld e d  in term ed iate  valu es (from 0,002 to  0,033 mg per c e n t).
t o t a l  amount o f v o l a t i l e  f a t t y  acid s in cre a se s w ith  the age o f the c u ltu re  and 

^he h ig h e st q u a n titie s  are produced between the 24 and bhe 2uth day ofb growth. 
^ H SSI0N? A ll  the examined s tr a in s  are ab le  to  y i e ld  v a r ia b le  amounts o f the sane 

v° l a t i i e f a t t y  a c id s , among th ese p ro p ion ic and b u ty ric  a cid s are produced to  a 

®1>eatoy e x te n t.
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By e x a m in in g  t h e  q u a n t i t a t i v e  " b eh a v io u r  o f  t h e  -  C f a t t y  a c i d s  d u r in g  t h e  h a c =  
S e r i a l  g r o w t h ,  i t  may h e  o b s e r v e d  t h a t  t h e i r  am ou n t i n c r e a s e s  i n  c o n n e c t i o n  w i t h  t h e  
am ount o f  f a t  w h ic h  i s  m e t a b o l i z e d ,  w h i l s t  — a s  i t  h a s  b e e n  a l ' t e a d y  o b s e r v e d  f o r .  t h e  
lo n g  c h a i n  f a t t y  a c i d s  -  d u r in g  t h e  g r o w th  o f  t h e  c u l t u r e  q u a n t i t a t i v e  c h a n g e s  w e r e  
o b s e r v e d  i n  t h e  i n d i v i d u a l  f a t t y  a c i d s ,  w h ic h  a r e  p r o b a b ly  d u e  t o  t h e i r  u t i l i z a t i o n  
By t h e  m ic r o o r g a n is m s .
The p r o d u c t i o n  o f  v o l a t i l e  f a t t y  a c i d s  s e e m s  t o  b e  o f  i n t e r e s t  f o r  tw o  r e a s o n s : :  i n  
"the f i r s t  p l a c e  b e c a u s e  i t  sh o w s  t h a t  t h e  H i c r o c o c c a c e a e  a r e  a b l e  t o  c a r r y  o u t  t h e  
B reakdow n o f  l o n g  c h a i n  f a t t y  a c i d s ,  i n  t h e  s e c o n d  p l a c e  b e c a u s e  t h e  am ou n t o f  t h e s e  
f a t t y  a c i d s  i n c r e a s e s  w i t h  t h e  a g e  o f  t h e  c u l t u r e .
T"t may b e  a s s u m e d  t h a t  i n  n a t u r a l  c o n d i t i o n s  t h e y  c o u l d  i n f l u e n c e  t h e  c o m p o s i t i o n  o f  
Bhe b a c t e r i a l  f l o r a  o f  d r y  s a u s a g e s  d u r in g  r i p e n i n g  a n d  e s p e c i a l l y  t h e  gram  n e g a t i =  
Ve By i n h i b i t i n g  i t ,  a n d  t h e  l a c t o b a c i l l i  b y  s t i m u l a t i n g  t h e i r  g r o w th  b e c a u s e  s e v e =  
^ l  f a t t y  a c i d s  may a c t  a s  g r o w th  f a c t o r s  f o r  th e m .r

INVESTIGATIONS ON THE CARBONYL COMPOUNDS

■̂s a complement to the investigations on the fatty acids metabolism during the 
Growth of Kicrococcaceae, we have considered very important the investigation of the 
Behaviour of carbonyl compounds (aldehydes and ketones) which in preliminary tests 
aPPeared to be present in the culture media containing fat, with the aim to complete 
B̂e knowledge on fat metabolism of these microorganisms.

^ T HOPg r a s  a  p r e l i m i n a r y  s t e p  a l l  t h e  s o l v e n t s  w e r e  m ade f r e e  fr o m  c a r b o n y l s  b y  
B o i l i n g  th em  u n d e r  r e f l u x  w i t h  d i n i t r o p h e n i l h y d r a z i n e  a n d  h y d r o c h l o r i c  a c i d  a n d  t h e n
^ s t i l l e d .

"the d e t e c t i o n  o f  c a r b o n y l  com p o u n d s t h e  R a l l s ’ s , i 960  a n d  TTi i n i v a a r a  and_B a£iU _  
"*■ 963 m e th o d s  w e r e  u s e d  w i t h  t h e  f o l l o w i n g  m o d i f i c a t i o n s :  1 0 0  m l o f  t h e  f a t  c o n t a i =  

c u l t u r e  m edium  ( t h e  sam e u s e d  i n  a l l  t h e s e  i n v e s t i g a t i o n s )  w e r e  s te a m  d i s t i l =  
i n  an  a l l - g l a s s  a p p a r a t u s  a n d  t h e  d i s t i l l a t e  ( 3 0 0  m l)  w a s  c o l l e c t e d  i n  a  F r e s e =  

iu s  f l a s k  c o n t a i n i n g  7 5  nil o f  2 : 4 - d i n i t r o p h e n y l i d r a z i n e  4 $  i n  h y d r o c h l o r i c  a c i d  6 n  
P / v ) .  T he d i s t i l l a t e  w a s  b r o u g h t  t o  a  know n v o lu m e , o n e  f r a c t i o n  (A ) w a s  u s e d  f o r  

^Be q u a n t i t a t i v e  a n a l y s i s  o f  c a r b o n y l s ;  t h e  o t h e r  ( b ) w a s e x t r a c t e d  s e v e r a l  t i m e s  
^Tth b e n z e n e ,  w h ic h  a f t e r  h a v i n g  b e e n  w a s h e d  w i t h  a  s m a l l  am ou nt o f  d i s t i l l e d  w a t e r  
Was (i i ‘i e d  i n  o r d e r  t o  o b t a i n  t h e  p h e n y lh y d r a z o n e s  w h ic h  w e r e  e x a m in e d  b y  g a s  ch rom a=  
J ° g r a p h y .

011 t h e  q u a n t i t a t i v e  a n a l y s i s  o f  c a r b o n y l s  t h e  s o l u t i o n  ( A ) , c o n t a i n i n g  t h e  d i n i t r o =  
^Ben y l h y d r a z o n e s  w a s  m ade a l c a l i n e  b y  a d d in g  m e t h y l a l c o h o l i c  p o t a s s iu m  h y d r a t e ,  

b o u g h t t o  a  know n v o lu m e  a n d  e x a m in e d  s p e c t r o p h o t o m e t r i c a l l y  (B eck m an  DU s p e c t r o =  
P B o to m e te r )  a t  a  w a v e l e n g t h  o f  4 8 0  m i l l i m i c r o n s .  The r e s u l t s  w e r e  co m p a r e d  w i t h  a  
s B and ard  s o l u t i o n  o f  2 r 4 - d i n i t r o p h e n y l h y d r a z o n e  o f  t h e  b u t y r i c  a l d e h y d e .



i'he gas chromatographic analysis of the carhonyl compounds was performed with the 
aPparatus used in the former investigations. Operating conditions: column pasrked 
with carbowax 1150 (polyethyleneglicol) 2m lengthy column temperature 190°C, det^c=
*'0:r temperature 240°C, column pressure 0,l8 Kg/cm , hydrogen pressure 0}30 Kg/cm,, 
01iygen pressure (air) 1,0 Kg/cm-, carrier gas, nitrogen., paper speed 100 mm/minute. 
biolysis : 240°C - 260°C per 6 seconds.
jjhSCTLTS? the results are shown in table 3* Micrococcus strain C13 yielded the _ _ 
Neatest amount of carbonylcompounds (660 — 1490 micromoles per litre of culture 
®®dium), Micrococcus strain DIO (42 — 815 micromoles/litre) and Staphylococcus 78 
l?0 - 825 micromoles/litre) a lower one. All the strains yielded the same compounds 
even if in different amounts.
S ^ I ISSlOI'Ts All the examined strains of Micrococcaceae yielded a relevant quantity 

w %  Caibonyl compounds: they vary quantitatively and qualitatively during the growth 
days) in connection with both production and utilization. A similar phenomenon 

"c.s observed by us with regard to diacetyl and by other.». Authors with regard to other 
^abolic products (Beerens,1952, Eddy,196l). 

j ^ Were able to recognize 15 compounds, among them 11 have been certainly identified, 
7 Were not: X-l, X-2, X-3, X-4 (X-2 probably corresponds to the ctepotonic aldehyde), 

^ajor components were isovaleric and propionic aldehydes.
carbonyl compounds, as a complex medium containing fat and peptone was used,

"°uld have originated from different sources: from fatty acids, from aminoacids and 
the oxydation of glycerol. In fact the formic, acetic, propionic, butyric, 

/©leriCj isovaleric aldehydes etc. may result from the breakdown of the correspon=
aminoacids, acrolein from glycerol and the short chain aldehydes from the break-

Th
thi

of fatty acids.
16 °jpigin of acetone, methylketone, isopropylketone is difficult to explain and for
e Present we do not think to formulate any hypothesis.

INVESTIGATIONS OK DIACETYL AND FORMALDEHYDE 
■ S the carbonyl compounds detected by gas chromatography ire could detect) alsoAmoR

J'le Presence of diacetyl and formaldehyde, but the flame ionization detector could 
510“ allow us to evaluate their amount, therefore we were compelled to resort to

th e r methods.
-^lOLS; The same strains previously indicated were used, they were grovrn on the 
^arae medium containing fat, but in greater quantities (5*000 ml instead of 3*000).

0 incubation temperatures were those already indicated.
J^-ysis were performed after 48 hours and 3* 4* 5? 6, 7* 8, days of growth. 
S e c t ion of diacetyl: 500 ml of the culture broth were distilled in an all-glass 
PParatus, 20 ml of the distillate were collected in 5 ml hydroxylamine (these



o n d itd o n s  w e r e  c h e c k e d  i n  p r e l i m i n a r y  e x p e r i m e n t s ) ,  t h e  d i a c e t y l  w a s  a n a l y z e d  w i t h  
e L e m o ig n e 's  e t  A l . , 1 9 5 i j  m e th o d , t h e  r e a d i n g s  w e r e  p e r fo r m e d  w i t h  a  BeckmanDU  

^ P e c tr o p h o to m e te r  a t  a  w a v e l e n g t h  o f  502 m i l l i m i c r o n s .
' ^ ¿ g t i on  o f  f o r m a ld e h y d e ; 500  m l o f  t h e  c u l t u r e  B r o th  w e r e  d i s t i l l e d  i n  a n  a l l - g l a s s  
^ th '!?â US a n ^ ^  ^  a ^e  w e r e  c o l l e c t e d  i n  5 nil o f  i c e d  w a t e r  i n  a n  i c e -
 ̂ ° f o r m a ld e h y d e  w a s  d e t e r m in e d  b y  t h e  c h r o m o t r o p ic  a c i d  m e th o d  ( S c h r y v e r ,  190*9) 

ln g s  w e r e  p e r fo r m e d  a t  a  w a v e l e n g t h  o f  570  m i l l i m i c r o n s .
R e s u l t s  a r e  sh ow n  i n  t a b l e  4 .  A l l  t h e  t e s t e d  s t r a i n s  p r o d u c e d  d i a c e t y l  i n  

s v a r y i n g  fr o m  0 . 1 0  t o  1 . 8  mg / l i t  r e
iDTc'ARl°Un'*;B v a r y i n g  fro m  1 . 0  t o  6 . 0  m g / l i t r e .
^SSSSSIONsS c

a l l  t h e  s t r a i n s  p r o d u c e d  fo r m a ld e h y d e

T he p r e s e n c e  o f  d i a c e t y l  a n d  f o r m a ld e h y d e  i n  t h e  c u l t u r e  m e d ia  w h e r e
a c e a e  h a d  gro w n  s e e m s  t o  u s  r a t h e r  i n t e r e s t i n g ;  '" g e n e r a l ly  i t  i s  b e l i e v e d  

^  ° f  th em  c o n f i r m s  t h e  h y p o t h e s i s  t h a t  i t  may o r i g i n a t e s  a l s o  fr o m  f a t  m e ta b o =
4evo j f a c e t y l  o r i g i n a t e s  m a in ly  fro m  c a r b o h y d r a t e s ,  t o  h a v e  d e t e c t e d  i t  i n  a  m edium  /

a ,i^ e®a:r^ t o  t h e  f o r m a ld e h y d e ,  w e a r e  l a c k i n g  i n f o r m a t i o n s  a b o u t  i t s  b i o g e n e s i s ,
i t  s e e m s  t h a t  i t  m ay o r i g i n a t e  fro m  g l y c i n e ;  i n  s u p p o r t  o f  t h i s  h y p o t h e s i s  

It 1 We w e r e  n o t  a b l e  t o  f i n d  a n y  e x p e r i m e n t a l  d a t a .
lip  ^n f e r e s t  t o  n o t i c e  t h a t  t h e  M ic r o c o c c u s  s t r a i n  C 1 3 , w h ic h  i s  t h e  s t r o n g e r
fact y i e l d s  t h e  m o s t  c o n s i d e r a b l e  am ou n t o f  d i a c e t y l  a n d  f o r m a ld e h y d e ,  t h i s
t w  Sads i °  a  p o s s i b l e  c o r r e l a t i o n  b e t w e e n  t h e  b rea k d o w n  o f  f a t s  a n d  t h e  p r o d u c =  
if v ° l a t i l e  c o m p o u n d s .

*

0 n i^ ^ ~ ^ ,fi4ug t i ° n  o f  f o r mal d e h y d e  i s  d e m o n s t r a t e d  a l s o  i n  s a u s a g e s ,  i t s  p r e s e n c e  
ta .(. c ° n t r i b u t e  t o  f l a v o u r s  p r o d u c t i o n  a n d  t o  t h e  c o m p o s i t i o n  o f  t h e  m i c r o b i a l  f l o =  

w i t h  som e o t h e r  p r o d u c t s  o f  t h e  m e t a b o l i s m  o f  M ic r o c o c c a c e a e  am ong t h o s e  
^ a v e  b e e n  e x a m in e d  i n  t h i s  p a p e r .

6n§th a p p e a r a n c e  f o l l o w s  t h e  f o r m a t io n  o f  f a t t y  a c i d s  w i t h  d i f f e r e n t  c h a i n  
an d  s a t u r a t i o n  b o n d s .  I t  m ay b e  a s su m e d  t h a t  a l s o  i n  s a u s a g e s  d i a c e t y l  may

È U ■ ¿ 7 ^
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0 ,0 2  0 ,0 3  

0 ,0 1  T r .

0 ,0 9  0 ,0 1  0 ,0 1
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4 ,.5 9,.r 9.T 1 0 ,5 17 .5 100
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fr e e  p a tty  a c id s  ( c i -  C^) prpduced by w icrococcaceae  fr o «  s e in e  fa t  breakdoen. 
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ROo

0 ,0 0 2 0 ,0 0 2  0 ,0 0 2 0 ,0 1 5 C ,0 6 0 ,0 2 5 0 ,0 8 7 o 3 ro o o ») C ,  002 C .0 C 2 O.OO*5 o o rj O 0 , 0 1 '

«>> fro«

TTaF-

nr .100 o f  fa t



3. Cabbonyi compounds produced during svine fat breakdown by Hicrococcaceae.

Micrococcus g '3 
Mys of growth

Micrococcus D 10 

•Days of growth
staphyiocccccus St jv

Days of growth 
i I2n 16~

,l«h
»•»

L , ^ t . .  1.0 

5,3
* Tr.
*-3 11,1

1,2

Tr.

6,6 10,8 11,8 14,3 3.5 1.3" 1,6 7.9 1,3 18,6 5.4 1.5 4,0 1.7 11.5 4.8 17,8
2.1 3,4 2.6 1,4 0,8 0,4 Tr 4.2 0,4 3,8 0,1 0.7 0,6 0,8 0,7 2,5 3.2
Id,5 21,2 9,3 8,3 10,0 2,5 64,2 33,1 4,9 8.6 58,6 3,7 24.8 31,7 1.1 4, 1 10,1
10,5 4,6 3,0 7,3 0,8 9.1 1,1 7.6 3.2 6,0 1.7 14,8 5.3 3,1 0,9 2.4 1,5
2,3 2,1 1,0 3,3 0.8 0.3 Tr. 2.3 Tr. 2,4 0,4 1.5 1.2 0,6 0,3 1,6 2,8
0,6 Tr. Tr. 0,6 Tr. 0,4 Tr. Tr. Tr. 0.4 Tr. 1,4 1.0 Tr. Tr. Tr. Tr.
3.5 4,« 1.7 1.9 1,2 1.8 11,1 5.9 2,0 1,2 15,8 2,4 5,6 6.3 1.1 1.5 6,7
38,9 12,5 64,1 57,8 79,4 70,8 16,2 37.3 74,9 30.6 11.3 67,6 49.5 19,0 oa)CO 80, 3 10,9
0,8 0,4 0,2 Tr. Tr. Tr. Tr. Tr. Tr. Tr, Tr. Tr. Tr. Tr. Tr. Tr. Tr.
0,8 0,7 0,3 0.8 0,2 1,3 Tr. 1,7 2.3 0,8 0.3 1.2 0,7 0,6 0.5 0,2 2,2
0,9 0,4 0,7 0,6 0,3 0,7 0,5 Tr. 1.3 Tr. 0,1 0,3 0,8 Tr. 0,1 Tr.
Tr. Tr. Tr. Tr. Tr. Tr. Tr. Tr. Tr. TP. 0, 4 Tr. 0,1 Tr. 0.9 Tr. o, 5
6,6 4,1 4, 1 3,1 2.3 11,2 3.2 Tr. 7.0 3.3 2.9 5.0 7,0 3.9 2,9 1.6 5.6
1,9 1,2 1.2 0, 4 0,7 Tr. Tr. Tr. 2,7 1,9 0,4 Tr. Tr. 0,6 'T*. 0,4 1.9
Tr. T3. Tr? tr. Tr. Tr. Tr. Tr. Tr. Tr, 3,1 Tr. Tr. Tr. Tr. Tr. 3,7

1-350 930 980 1060 667 815 177 81 42 342 560 825 US 72 81 224 630t C ; A 891
»th^ldv trace»
! *°P*onaldehjrde. Aceton* I-But

~valerald.«iso-valeraldehyde
* Acetone* Iso-butyraldehyde. Butjrric ald.= butyraldheyde. Met.et.fchet.«Methyl- 
I-Prop-m.ch.* Iso-propyl-methil-retone. Diethylkhet.= DietilVetone



TABLE 4. production of Diacetyl and Formaldehyde from swine fat by MICROCOCCACEAE

DIACETYL (p.<>.m.)
Days o f  g r o w t h

2 3 4 5 6 7 8

1,05 1 , 10 1 , 49 1 , 4 5 1 , 3 0 1,8
i

1 , 4 6
0, 92 1 , 20 0 , 9 5 0 , 7 5 0 , 6 0 0 , 3 0 , 1 5
0,18 0 , 6 5 0 , 4 7 0 , 0 6 0 , 1 2 0 , 7 5 0 , 4 5

0 0 0 0 0 0 0

FORMALDEHYDE ( p . p . m . )
5 , 6 2 , 3 6 2 , 8
3 , 6 1 2, 1 1, 8
1 , 2 1 3 , 4 2 , 2

P  13 
D 10 
St 78
®Unc '

C 13 
»10 
St 78
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SUMMARY
9

m e t a b o l i s m  o f  sws/jfMi. f a t  b y  M ic r o c o c c a c e a e  h a s  b e e n  i n v e s t i g a t e d  i n  a  c u l t u r e  
medium  c o n t a i n i n g  f a t .
28 f r e e  f a t t y  a c i d s  h a v e  b e e n  sh ow n  a n d  am ong th em  6 w i t h  a  c h a i n  s h o r t h r  t h a n  8 
°a rb o n  a to m s  w e r e  n o t  p r e s e n t  i n  t h e  o r i g i n a l  f a t .  I n  a d d i t i o n  t o  f r e e  f a t t y  a c i d s  
a num ber o f  c a r b o n y l  com p o u n d s w e r e  d e t e c t e d  a n d  t h e  m o st  p a r t  o f  th em  i d e n t i f i e d ,  

r e s u l t s  o f  t h e s e  f i n d i n g s  w e r e  d i s c u s s e d  a n d  c o r r e l a t e d  w i t h  t h e  p r o d u c t i o n  o f  
f la v o u r s  a n d  w i t h  t h e i r  p o s s i b l e  i n f l u e n c e  on  t h e  m ic r o f ih o r a  o f  s a u s a g e s .
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