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Conditions, e tc .
% a ^ X â l^ ,  1979 ) . Even 

Sq g iven  product, thein res idual nitrite

v a r ie s  w ith the lo c a t io n  (cen tre  
or concen tr ic  outer la ye rs )  
analyzed (Marinkov and Jovanov, 
1984). Improving our under
standing o f the fa t e  o f  n i t r i t e  
fo r  g iven  cond it ions  and storage 
periods is  important in view o f 
i t s  capac ity  to react with
amines and amides to form ca r
cinogens .

The o b jec t  o f the present study 
was to determine the fa t e  o f 
n i t r i t e s  ( in  the form o f
res idu a l n i t r i t e ,  n i t r a t e ,
n it ro so  heme pigments, and
protein-bound n i t r i t e )  and a l 
t e ra t io n s  in co lour in bologna 
stored  e i th e r  whole or s l ic e d  
and vacuum-packaged.

MATERIALS AND METHODS 
Bologna sausages (d iam eter: 9
cm, moisture: 64.5 %, p ro te in : 
11.1 %, f a t :  20.1 %, ash: 2.8 %, 
pH: 6 .2 ) prepared from pork un
der commercial cond it ions  and 
con ta in ing  120 ppm o f added 
NaNOi but no ascorbate were ran
domly d iv id ed  in to  two equal 
batches. The bolognas in one o f 
the batches (W) were stored  
whole, whereas the bolognas in 
the other batch (S) were cut 
in to  s l i c e s  approxim ately  1.5 mm 
th ick  (15 g ) and vacuum-packaged 
f i v e  s l i c e s  to a pack in P o ly 
skin X p la s t i c  f i lm  with an 
oxygen p e rm eab il ity  at 23 °C o f 
6-8 cc/m2/24 h/atm.

Both the whole bolognas (batch 
W) and the vacuum-packaged 
bologna s l i c e s  (batch S) were 
stored  in darkness at 0 °C (± 
1 °C ) fo r  45 days .

Product s t a b i l i t y  during storage 
was monitored by p e r io d ic  con
t r o l s  c a r r ied  out on three 
packages from batch S and on 
s l i c e s  cut from the whole b o lo 
gnas (batch W) no more than 2 h 
b e fo re  a n a lys is ,  a f t e r  removal 
o f  the outer 7 cm at the end ex
posed to the a i r .

O b je c t iv e  co lour measurements 
were performed using a Hunter-
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L a b  m o d e l  D 2 5 - 9  c o l o u r i m e t e r  
s t a n d a r d i z e d  u s i n g  a  w h i t e  
s t a n d a r d  (L = 9 1 . 6 ,  a = - 0 . 8 ,  
b  = - 1 . 3 )  a t  t h r e e  d i f f e r e n t
p o i n t s  o n  t h e  t o p  s l i c e  f r o m  
e a c h  o f  t h e  t h r e e  p a c k a g e s  i n  
b a t c h  S. R e a d i n g s  f o r  b a t c h  W 
w e r e  m a d e  i n  t h e  s a m e  m a n n e r  o n  
t h r e e  s i  i c e s .

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

T h e  t o t a l  p i g m e n t  a n d  n i t r o s o  
h e m e  p i g m e n t  c o n t e n t s  w e r e  
d e t e r m i n e d  a c c o r d i n g  t o  t h e  
m e t h o d  o f  H o r n s e y  ( 1 9 5 6 )  . 
R e s i d u a l  n i t r i t e  a n d  n i t r a t e  
w e r e  a s c e r t a i n e d  f o l l o w i n g  A F N O R  
s t a n d a r d s  ( 1 9 7 4 ) ,  a n d  p r o t e i n -  
b o u n d  n i t r i t e  w a s  e v a l u a t e d  
u s i n g  t h e  p r o c e d u r e  o f  M i r n a  a s  
m o d i f i e d  b y  O l s m a n  a n d  L e e u w e n  
( 1 9 7 7 )  .

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

R E S U L T S  A N D  D I S C U S S I O N  
T a b l e  1 p r e s e n t s  t h e  a l t e r a t i o n s  
i n  c o l o u r  t a k i n g  p l a c e  d u r i n g  
s t o r a g e .  C h a n g e s  i n  t h e  c o l o u r  
p a r a m e t e r s  w e r e  s l i g h t  i n  t e r m s  
o f  t h e  e f f e c t  o f  b o t h  s t o r a g e  
p e r i o d  a n d  s t o r a g e  c o n d i t i o n s .  
S m a l l  v a r i a t i o n s  i n  c o l o u r  i n  
r e s p o n s e  t o  s t o r a g e  t i m e  w e r e  
r e p o r t e d  b y  J i m e n e z - C o l m e n e r o  
a n d  C a s s e n s  ( 1 9 8 7 ) ,  L o z a n o  a n d  
C a s s e n s  ( 1 9 8 4 ) ,  a n d  A n d e r s e n  e t  
a l . ( 1 9 8 8 )  f o r  s l i c e d ,  v a c u u m -
p a c k a g e d  p r o d u c t s  s t o r e d  i n  
d a r k n e s s .

N o  s i g n i f i c a n t  d i f f e r e n c e s  
(P  <_ 0 . 0 5 )  i n  t h e  t o t a l  p i g m e n t  
a n d  n i t r o s o  h e m e  p i g m e n t  c o n 
t e n t s  w i t h  e i t h e r  s a m p l e  t y p e  o r  
s t o r a g e  t i m e  w e r e  d e t e c t e d .  
O v e r a l l  m e a n  v a l u e s  ( i n  p p m )  
w e r e  6 5 . 7  (±  5 . 3 )  f o r  t o t a l  p i g 
m e n t s  a n d  4 2 . 0  (±  4 . 8 )  f o r
n i t r o s o  h e m e  p i g m e n t s ,  w i t h  a 
p i g m e n t  c o n v e r s i o n  l e v e l  o f  
6 3 . 9  %. T h e  t o t a l  p i g m e n t  a n d

n i t r o s o  h e m e  p i g m e n t  va
,  /iL>eS y

l o w ,  b e c a u s e  t h e  s a u
m a d e  f r o m  p o r k  a l o n e ;  - „92so®®a l s o  e x p l a i n ,  i n  s « » -  ra P y  
w h y  t h e  c o l o u r  s * f
( c h i e f l y  r e d n e s s )  v a  0/l o w e r  t h a n  t h o s e  ^ (Io 
p r o d u c t s  m a d e  o f  h e e jAJ! ¡Í 
a n d  C a s s e n s ,  1 9 8 4 ;  |g8' j
C o l m e n e r o  and C a s s e n s
e v e n  c h i c k e n  ( A c t o n
1 9 8 6 ) .  H o w e v e r ,  (VJ>
C o l m e n e r o  a n d  C a s s e O s^,ffe^¡

r e p o r t e d  t h a ta l s o  r e p o r t e d  XI1 a ~t r 0 s° 
c o n c e n t r a t i o n s  o f  nl  , i*1
p i g m e n t s  d i d  n o t  r e s u  
f e r e n t  r e d n e s s  v a l u e s -

Table 1. Hunter-Lab colour reading®

L
Lightness

Redness

b
Yellowness

Batch 0

W 59.47
(0.47)

S 59.47
(0.47)

w 6.65 
(0.32)

s 6.65
(0.32)

rJ 7.86 
(0. 25)

S 7.86
(0.25)

59.26 59- ®  (0 ÍÍI.33)

60.47 59. |i 
ID.

7.12 (i
7-30, , 26) 1

d

6.68 7>. (0 
ID. 42)

7.70
7.79 (J
(0-l2)

7.95
7.71 (0 
(0.̂

* Values are the means of nin^  
brackets contain standard deviat-10

r e s i d u a l  n i t * ’1'it0
y / .

»
T h e  r e s i u u a i  *»- +
( T a b l e  2) u n d e r « e J b 
d e c r e a s e s  i n  gO v
t h r o u g h  t h e  f i r s t  ^
s t o r a g e ,  a f t e r  «1^ bAtf
f e l l  m u c h  m o r e  3 
s l i c e d ,  v a c u u m - P a C  
D e c r e a s e s  i n  r e s i  
c o n t e n t  u n d e r  a

teeP
à

1 n j
Airi‘

hv9i  /
s t o r a g e  c o n d i t i o j 1®^ 0 f ^
r e p o r t e d  b y  a n u m h e 
( O l s m a n ,  1 9 7 3 ;  C 9 g g 0 ;^g7)'

enS 11 9 7 9 ;  L i n  e t  a l ^ . 
C o l m e n e r o  a n d  C a s s

I1s¡5

S
S

K

\
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^ ^ viour o f  t h e  n i t r i t e  
n i t r a t e  ( T a b l e  2) 

ar i n  b o t h  b a t c h e s  a n d  
h  s tr> 9 ^ n d e n c y  t o  d e c r e a s e
¡5 e X 6156 t i m e .  N i t r a t e
CLi* of b U a t e d  t o  a r o u n d  1 8  — xhf

vsn alrnilV  Ve<i

:>d
„.?6 , a d d e d  n i t r i t e ,  c o i n -i w  i + L. ’

C^ted b b ^ e  c o n v e r s i o n  r a t e
\)SSetls X n  t h e  l i t e r a t u r e

^  ^ ---iCL_, 1 9 7 9  ), e v e nHonf a s  c o r b a  t < w h i c h  in-
'X., l o l ^ ^ a t e  f o r m a t i o n  ( L e e  

\  ^  > w a s  a d d e d .

M m  (Tr K t b o u n d  n i t r i t e\ % s able 2)
\*Ce, ,f'M
V > i«h. Se

h S

c o n -
r o s e  i n  b o t h  
15  d a y s  i n  

t h e r e a f t e r  r e m a i n i n g  i or ---  r e s t  o f  t h e
e i i o d .  O l s m a n  ( 1 9 7 7 )

t h e
>i'ĉ  t r A ’M*1, , - h a t,

rease,Uj,.4 iric*iClC’ f o l l o w i n g  a n  i n i -

6vels
k X e  + ̂ imeL** v ^emp
Sllsrey lowrec

p r o t e i n - b o u n d  
d e c r e a s e d  w i t h  

i n  f u n c t i o n  o f  
® r a t u r e , w i t h  v a r i a -  

a t  0 °C. T h e  
( q ^ e n ; ° r d e d  i n  t h e  p r e s e n t  
\  0 lo y r e p r e s e n t i n g  f r o m  

lh c ° ° f  t h e  n i t r i t e ,  w e r e  
1 ^ 4 1 f L m p a r f s ° n  w i t h  v a l u e s

';ure ( C a s s e n s

%

L ’ in« >-eratur  
¿0 y ' 9 ) , w h i c h w e r e  m o r e

f h e  a d d e d  n i t r i t e .
' V i n c e n t -
X ú ^ ^ i t e s  ra^ on (in ppm) of residual nitrite 

J'hd nni?!'Ver^ec' to nitrate (NN),

L M -̂ ¿ite (pm) and
during storage*

Mi
BMch

> >  ■ 
V %

arethe

Days in storage
15 30 45

?8.6c 
78. 6c

70.4 c ,b 
72.5c

65.9C 
61.6C

61.2C 
29.6zc

30. h »  
30.ijQ

30.8c
31.8c

27.4C
31.1C

25.0c 
22.3C

6.7c 
B. 7»«

11. OC 
11.1C

11.3ib 
11. 9C

12.3C 
12. OC

'S "Un>bers
means of

diffe tour determinations; for 
,ere"t letters in the same row and 

M f f p /  ln the same column indicate 
ence* (P < 0.05)

u*n
h
fh e t e c t a b l e

• i t i i t r 1“ -
n i t r i t e  

s t u d  i e d , 
n i t r i t e  c o n 

v e r t e d  t o  n i t r a t e ,  p r o t e i n - b o u n d  
n i t r i t e ,  a n d  n i t r o s o  h e m e  p i g 
m e n t  n i t r i t e  [ c a l c u l a t e d  o n  t h e  
b a s i s  o f  t w o  n i t r i t e  m o l e c u l e s  
f o r  e a c h  m y o g l o b i n  m o l e c u l e  
( T a r l a d g i s ,  1 9 6 2 ;  L e e  a n d  C a s 
s e n s ,  1 9 7 6 ) ] ,  c o m b i n e d  r a n g e d  
b e t w e e n  a n  i n i t i a l  v a l u e  o f  
9 6 . 4  %  o f  t h e  a d d e d  n i t r i t e  i n  
b o t h  b a t c h e s  a n d  e n d  v a l u e s  o f  
8 2 . 3  %  i n  b a t c h  W  a n d  5 3 . 5  %  i n  
b a t c h  S. T h u s ,  r e c o v e r y  o f  t h e  
a d d e d  n i t r i t e  d e p e n d e d  o n
s t o r a g e  t i m e ,  m a i n l y  o w i n g  t o  
t h e  r e s i d u a l  n i t r i t e  c o n v e r t e d  
t o  c o m p o u n d s  t h a t  w e r e  n o t  q u a n 
t i f i a b l e  i n  t h e  c o n d i t i o n s  o f  
t h e  e x p e r i m e n t .  C a s s e n s  e t  a l . 
( 1 9 7 7 )  r e p o r t e d  r e c o v e r y  l e v e l s  
r a n g i n g  b e t w e e n  3 6  a n d  90  %  o f
t h e  a d d e d  n i t r i t e  f o r  t h e  f o u r  
f r a c t i o n s  c o n s i d e r e d  h e r e ,  b u t  
t h e y  m a d e  n o  m e n t i o n  o f  a n y  
r e l a t i o n s h i p  w i t h  s t o r a g e  c o n d i 
t i o n s  o r  s t o r a g e  t i m e .

E x p o s u r e  t o  o x y g e n  b o t h  i n 
c r e a s e s  c o l o u r  f a d i n g  ( L i n  a n d  
S e b r a n e k ,  1 9 7 9 ;  L i n  e t  a 1 ■ , 
1 9 8 0 ;  A c t o n  e t  a l . , 1 9 8 6 ;  Y e n  e t
a l . . 1 9 8 8 )  a n d  l o w e r s  r e s i d u a l
n i t r i t e  l e v e l s  ( L i n  e t  a l . , 
1 9 8 0 ) .  T h i s  m a y  e x p l a i n  w h y
M a r i n k o v  a n d  J o v a n o v  ( 1 9 8 4 )  
f o u n d  h i g h e r  r e s i d u a l  n i t r i t e  
c o n c e n t r a t i o n s  a t  t h e  c e n t r e  o f  
s a u s a g e s  t h a n  i n  t h e  s u r f a c e  
l a y e r s .  B e a r i n g  t h i s  i n  m i n d ,  
t h e  r e s u l t s  s u g g e s t  t h a t  t h e  
f a c t o r s  r e g u l a t i n g  t h e  v a r i a 
t i o n s  t a k i n g  p l a c e  i n  t h e  
p a r a m e t e r s  t e s t e d  w e r e  s i m i l a r  
u p  t o  3 0  d a y s  i n  s t o r a g e  i n  b o t h  
t h e  w h o l e  b o l o g n a  s a u s a g e s  a n d  
t h e  s l i c e d ,  v a c u u m - p a c k a g e d
b o l o g n a ,  s i n c e  t h e  r e s p o n s e  t o  
t h e  s t o r a g e  c o n d i t i o n s  w a s  
s i m i l a r  i n  t h e  t w o  b a t c h e s .

A C K N O W L E D G E M E N T
T h a n k s  a r e  e x t e n d e d  t o  t h e  f i r m  
o f  C a b o  I n d u s t r i a s  C á r n i c a s ,  
S . A .  f o r  t h e i r  c o o p e r a t i o n  i n  
p r e p a r i n g  t h e  s a u s a g e s .
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