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summary

01a t i l e compounds from f i v e  d i f f e r e n t  I t a l i a n  a i r - d r i e d  s a l a m is  w ere  c o l l e c t e d  by a dynamic 
•Ŵ acisn;*

ce sam p lin g  m ethod . Most o f  t h e  i d e n t i f i e d  v o l a t i l e s  were c l a s s i f i e d  a s  e i t h e r  k e to n e s
^Idehvd 'e s ,  a l c o h o l s ,  a c i d s  o r  e s t e r s .  Many o f  t h e  compounds were common t o  f o u r  o r  a l l  f i v e

l s , some, how ever,  seemed t o  be s p e c i f i c  f o r  a p a r t i c u l a r  t y p e .  W hile some o f  t h o s e  
r̂°bah l

y came from added  s p i c e s ,  o t h e r s  may have o r i g i n a t e d  from t h e  a c t i o n  o f  m ic ro o rg a n ism s

f»

P re s e n t  i n  t h e  s a l a m i .

P roduction

0ft C h a r a c t e r i s t i c  t a s t e  and aroma o f  a i r - d r i e d  s a la m i  i s  due t o  many d i f f e r e n t  com ponen ts .  Some

^ n a t e  from added s p i c e s ,  o t h e r s  a r e  d e g r a d a t i o n  p r o d u c t s  o f  c a r b o h y d r a t e s ,  l i p i d s  and 
Protein

S c r e a t e d  d u r i n g  t h e  f e r m e n t a t i o n ,  d r y i n g  and r i p e n i n g  p e r i o d s .  M ic ro o rg an ism s  o r  enzymes 

l98 ° t h e r  l n i t i a t ° rS  Pr e s e n t  i n  t h e  i n g r e d i e n t s  may be r e s p o n s i b l e  f o r  t h o s e  compounds (Lücke,

it
S6e,nS most l i k e l y t h a t  p r o t e o l y t i c  breakdown p r o d u c t s  l i k e  f r e e  amino a c i d s ,  p e p t i d e s ,  

e° t i d e s ,  and n u c l e o s i d e s  hav e  a p ro nounced  e f f e c t  on t h e  f i n a l  t a s t e  o f  s a l a m i s ,  w h i le  

p° l y t i c breakdown p r o d u c t s  l i k e  v o l a t i l e  f a t t y  a c i d s ,  a ld e h y d e s ,  and k e to n e s  a r e  o f  more
IK_

PUcl

Ü

p0rt a n c e  t o  t h e  aroma.

'dif 3 WOrkers have  o b s e rv e d  an i n c r e a s e  i n  t h e  amount and d i v e r s i t y  o f  c a rb o n y l  compounds in

e r e n t  t y p e s  o f  f e rm e n te d  s a u s a g e s  d u r in g  r i p e n i n g  (C an to n i  e t  a l ,  1967; L angner ,  1969;

lgg a 1 ' 1970 ' S t a n c u l e s c u  & S a n d u le s c u ,  1970; Demeyer e t  a l ,  1974; F ernandez  & R o d r ig u e z ,

1}- A lso  s e v e r a l  v o l a t i l e  f a t t y  a c i d s  have been  d e te rm in e d  (C an to n i  e t  a l ,  1967; L angner 
*969. p

' « a i v a r s o n ,  1973; De K e t e l a e r e ,  1974).  
a

IV, l y s i s  o f  t h e  t o t a l  h e a d s p a c e  o f  s a la m i  was done by B e rg e r  e t  a l  (1990) . H is  g ro u p  i s o l a t e d  
° la t i i

6 COmponents from a i r “d r i e d  s a la m i  by dynamic h e a d s p a c e  sam p lin g  and i d e n t i f i e d  80

4*

en t  compounds m ost o f  them p ro b a b ly  o r i g i n a t i n g  from p e p p e r  and d eg rad ed  l i p i d s .  

a l  o f  o u r  s tu d y  was t o  g u a l i t a t i v e l y  i d e n t i f y  some o f  t h e  m a jo r  v o l a t i l e  compounds in  a i r -  

s a lam i and t o  f i n d  o u t  i f  c e r t a i n  com ponents  a r e  a lw ay s  p r e s e n t  i n  a s a l a m i .
ied

I

ÏM
S METHODS

V°lat

Erials

I t a l i a n ' a i r - d r i e d ' m o u ld - fe rm e n te d  s a l a m is  were o b t a i n e d  from l o c a l  s t o r e s .  H eadspace

itiL 1SS fr0m 50 9 ° f  d iC6d s a la m i  were Pu r 9e d w i th  n i t r o g e n  (g ra d e  N50: >99.999%, f low  r a t e  
t  ln )  hhrough  a c h a r c o a l  t u b e  (SKC i n c ,  P e n n s y lv a n ia ,  n o . 2 2 6-01 , 50/100mg) a t  3 7 °C f o r  24

a®ple f l a s k s  were c o n d i t i o n e d  o v e r n ig h t  p r i o r  t o  sam p lin g  by a n i t r o g e n  flow  o f  5 mL/min
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a t  1 50”C. The c h a r c o a l  t u b e s  w ere  e x t r a c t e d  w i th  1 .5  mL o f  d i e t h y l e t h e r  (h ig h  p u r i t y  g rade, 

Merck n o . 929) i n t o  an  i n j e c t i o n  v i a l  and c o n c e n t r a t e d  t o  0 .1  mL by g e n t l y  b lo w in g  n i t r o g e n  over | |  

t h e  e t h e r  s u r f a c e .  The c o n c e n t r a t e s  were a n a ly z e d  by GC/MS. The GC (H e w le t t -P a c k a rd  Model 5890) 

was e q u ip p e d  w i th  a 30m x 0.32mm i d .  DB-1701 fu s e d  s i l i c a  c a p i l l a r y  coloumn (J&W S c i . , Folsom) 

c o n n e c te d  t o  a f lam e  i o n i z a t i o n  d e t e c t o r  (F ID ).  The oven was programmed from 25 t o  250°C- 

C a r r i e r  g a s  (He) v e l o c i t y  was 30 cm /sec  (100°C ),  i n j e c t o r  250°C, and d e t e c t o r  2 7 0 “C. The 

i n j e c t i o n s  w ere  s p l i t l e s s ,  p u rg e  t im e  0 .7 0  m in. F o r  GC/MS a H e w le t t - P a c k a r d  Model 5890 gC | |  

i n t e r f a c e d  t o  a TRIO 2000 (VG B io te c h ,  C h e s h i r e )  was u s e d .  I o n i z a t i o n  e n e rg y  was 70eV, s c a n  time

0 .6 0  s e c ,  t r a n s f e r  l i n e  tem p. 2 5 0 ’C. I d e n t i f i c a t i o n  was b a se d  on GC i n d i c e s  o f  a u th e n t i c  

compounds and o f  MS s p e c t r a  com pared t o  t h e  N B S /N IS T -d a tab ase .

RESULTS & DISCUSSION

The r e s u l t s  o f  GC/MS o f  f i v e  d i f f e r e n t  s a l a m i s  a r e  c o m p iled  i n  t a b l e  1. A t l e a s t  70 o r  mofe 

com ponen ts ,  how ever,  were p r e s e n t  i n  t h e  e t h e r  e x t r a c t s  a s  t h e  chrom atogram  i n  f i g u r  1 shows- 

Some o f  t h e  m a jo r  p e a k s  o r i g i n a t e d  from d i f f e r e n t  mono- and b i c y c l i c  t e r p e n e s  a c c o r d in g  t o  th e 

mass s p e c t r a s  ( s e e  f i g  1 ) .  T h e i r  e x a c t  c o n f i g u r a t i o n  c o u ld  n o t  g e t  r e a f f i r m e d  by GC, though/ 

and  w ere  n o t  i n c l u d e d  in  t h e  t a b l e .  I t  i s  p o s s i b l e  t h a t  t h e  t e r p e n e s  o r i g i n a t e  from add®d 

s p i c e s .  B e rg e r  e t  a l  (1990) d e t e c t e d  many d i f f e r e n t  t e r p e n o i d  compounds, t h e  d i s t r i b u t i o n  

w hich  c l o s e l y  r e s e m b le d  t h a t  o f  p e p p e r  e s s e n t i a l  o i l  h y d ro c a rb o n s .

0

S e v e r a l  o f  t h e  i d e n t i f i e d  a c i d s ,  k e t o n e s ,  and a ld e h y d e s  h av e  been  d e t e c t e d  by o t h e r  w o rk e rs  aS 

w e l l  (C a n to n i  e t  a l ,  1967; L angner  1969, 1972; H a lv a r s o n ,  1973; B e rg e r  e t  a l ,  1 9 9 0 ) .  E s p e c i a l ^  

t h e  s t r a i g h t - c h a i n  a l k a n a l s  and 2 - k e to n e s ,  and a c e t i c ,  p ro p a n o ic  a c i d .  Only two o f  t h e  a lc o h o l5 
and none o f  t h e  e s t e r s  h a v e ,  how ever,  been  d e t e c t e d  by o t h e r s  (B e rg e r  e t  a l ,  1 9 9 0 ) .  I n  f a c t ' I) 

we have  b een  u n a b le  t o  f i n d  any p u b l i s h e d  r e s u l t s  show ing t h e  p r e s e n c e  o f  e s t e r s  i n  s a la m i-  •ft 

i s  m ost l i k e l y ,  th o u g h ,  t o  f i n d  e s t e r s  i n  m o u ld - fe rm e n te d  s a la m i  a s  many d i f f e r e n t  molds afe 

known t o  p ro d u c e  a r o m a t ic  compounds l i k e  a l c o h o l s  and e s t e r s  (K am insk i,  1991).

Only a few o f  t h e  i d e n t i f i e d  v o l a t i l e s  w ere  common t o  a l l  o f  t h e  s a l a m i s ,  b u t  s e v e r a l  

p r e s e n t  i n  f o u r  o r  f i v e  o f  them . Most o f  t h e  compounds p r o b a b ly  d e r iv e d  from l i p i d s  d e g ra ded ^  

by m ic ro o rg a n is m s  o r  by a u t o x i d a t i v e  r e a c t i o n s .  Components l i k e  o c t a n e ,  p e n t a n a l ,  hexana1' 

h e p t a n a l , 2 - h e p t e n a l ,  n o n a n a l ,  l - o c t e n - 3 - o l  a r e  t y p i c a l  p r o d u c t s  o f  o x i d i z e d  f a t  (Frank®1'

19 8 3 ) .

The t o t a l  v o l a t i l e  p a t t e r n  o f  e a c h  ty p e  o f  s a la m i  was q u i t e  s p e c i f i c  even  i f  some o f  ^  

com ponen ts  w ere  common t o  them a l l .  T h is  p a t t e r n  i s  no d o u b t  d i r e c t l y  r e l a t e d  t o  ^  

c h a r a c t e r i s t i c  aroma o f  t h e  p a r t i c u l a r  s a l a m i .  F u tu r e  r e s e a r c h  in  o u r  l a b o r a t o r y  w i l l  delV 

d e e p e r  i n t o  t h e  i s o l a t i o n  and  i d e n t i f i c a t i o n  o f  s a la m i  v o l a t i l e s  and i n t o  t h e  mechanisms behln 

aroma d ev e lo p m e n t  i n  s a u s a g e s .
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T a b le  1. V o l a t i l e  c o n s t i t u e n t s  o f  f i v e  I t a l i a n  s a l a m is

I d e n t i f i c a t i o n 0 Compound

RT/MS e t h y l a c e t a t e
rt/ ms 2-b u ta n o n e
RT/MS 2- b u t a n o l

MS 3- m e t h y l b u t a n a l
RT/MS 2- m e t h y l b u t a n a l

MS 1- ( m e t h y l t h i o ) - l - p r o p e n
rt/ ms 2- m e t h y l - l - p r o p a n o l

MS l - m e th o x y -2-p r o p a n o l
rt/ ms e t h y l p r o p a n o a t e
RT/MS p r o p y l a c e t a t e
RT/MS 2-p e n ta n o n
RT/MS p e n t a n a l
rt/ ms a c e t i c  a c id
rt/ ms l - p e n t e n - 3 - o l
rt/ ms o c ta n e
rt/ ms d i m e t h y l d i s u l f  id e
rt/ ms e t h y l i s o b u t a n o a t e

(RT)/MS 1- m e t h y l p r o p y l a c e t a t e
rt/ ms 3 - m e th y l -2 - p e n ta n o n e

MS 3- h y d r o x y -2-b u ta n o n
(RT)/MS 3- m e t h y l -1- b u t a n o l
rt / ms 2- m e th y l - 1- b u t y l f o r m a t e
rt/ ms e t h y l b u t a n o a t e

MS 3 -h e x e n -2 -o n e
rt/ ms h e x a n a l
rt / ms p ro p a n o ic  a c i d
rt/ ms c y c lo p e n ta n o n e
rt/ ms e t h y l - 2-m e th y lb u ta n o a te

(RT)/MS e t h y 1- 3 -m e th y lb u ta n o a te
MS b u t a n d i o l

(R T )/ms 3 - m e t h y l - l - b u t y l a c e t a t e

A B c D E

X X X XX X X X XX X X X XX X X X XX X X XX X
X
X XX

X
XX XX X XX

X X X (X)X(X) XX X XX X XX X X X XX X X X
(X) (X)X X X XX XX X X XX XX
X XX XX X X XX X

T a b le  1. ,  c o n t in u e d

RT/ms
RT/ms

(RT)/MS
Rt / ms
RT/ms
Rt / ms

MS
RT/MS
Rt / ms
rt/ ms
RT/MS
Rt / ms
rt/ ms
RT/MS
RT/MS

2-m e th y lp r o p a n o ic  a c id
4 -h e p ta n o n
4 - m e t h y l - l - p e n t a n o l
2-  h e p ta n o n e  
h e p t a n a l  
c y c lo h e x a n o l  
c y c lo h e x an o n
3 -  m e th y lb u ta n o ic  a c id  
2- h e p t e n a l  
e t h y l h e x a n o a t e
1 -  o k t e n - 3 - o l
2-  nonanone 
h e x a n o ic  a c i d  
n o n an a l
e t h y l o c t a n o a t e

x
x

X
X

X
X

X

XX
X

X

X
X
X

RT: R e t e n t i o n  t im e  com pared t o  a u t h e n t i c  compounds. 
MS; Mass s p e c t r a  compared t o  N B S - l ib r a ry  s p e c t r a .  

(R T ) ¡ R e te n t io n  d a t a  com pared t o  d a t a  f o r  i s o m e rs .
(X ) ; N B S - l ib r a ry  s u g g e s t e d  an  i s o m e r .
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F ig u r  1 .  Gas chrom atogram  o f  t h e  h e a d sp a c e  o f  s a la m i  E. 
x = t e r p e n e s .
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