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SUMMARY

T i l h o n t T  ° l  J “ 10“ 3 1SVelS ° £ n l t r l t e  and n i t r a t e  » i t h  andithout ascorbate, in sausages prepared using •' back slopping " as 
inoculation was investigated in three series of experiments.
In all experiments, nitrite was rapidly depleted and nitrate
(activé NltÎ ate "aS .not used’ Probably because of the lack of 

1 Micrococci in the starter sausage. Surface colour was
o f 1 ° h ! t  2 th increasi"3 levels of nitrite, irrespectiveof substitution of nitrate for nitrite. Irrespective of the
r e s i d u a l  ““ rate, colour stability was mainly promoted by
H U I T  ascorbate. The latter decreased with increasing nitrite

INTRODUCTION

t r e a t in g  t'h ^  ° £ £er">en ta d - dT  sausage i s  o b ta in ed  by
n i t r a t e  N t  sausage mix w ith  s a l t  c o n ta in in g  n i t r i t e  and/or
u i ld  i  a BaS t r a d l t l o n a l lF  ^ e d  and i s  s t i l l  p r e f e r e n t i a l l y

° r  . r y  ,sausa9es and hams r e q u ir in g  lo n g  r ip e n in g  t im es . To

s e n s i t i v e 1 m  2  ” ' “ t  ^  reduCed to  " i t r i t e  by m ic ro -o rga n ism s . Acid  
re sD ec tve  ^ c r o c o c c a c e a e  a re  co n s id e red  to  be e s s e n t ia l  in  th is
i n i r a° ,  ° n9 as PH i s  above 5 - «-T h e  use o f  n i t r i t e  in v o lv e s  an
m e i l i  i ° Xldat:Lon ° f  ra d ' oxygenated  m yog lob in  (Mbo,) to  grey  
m etm yoglobin  (MMb,. w ith  red u c tion  o f  n i t r i t e  to  N i t r i c  oxyde (NO,
added d"" 2  r a p id ly  o x id iz e d  to  n i t r a t e .  Second, in d igen ou s and
to  no dUC£ants ( e ' g - a sco rb a te  ) redu ce MMb to  Mb and n i t r i t e
(NOMb,' Whl=h Phen COTbina to  form  the red  n i t r i c  oxyde m yoglobin  

a l l i z a t i o n  o f  the red  p igm ent i s  o b ta in ed  through
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p d en a tu ra tio n  o f  the g lo b in  m o iety  o f  the m o lecu le  (Lücke, 1985) 
(Demeyer e t  a l , 1986 ). I t  i s  o f t e n  assumed th a t  th e  p resen ce  o f
n i t r a t e  i s  r e q u ir e d  f o r  op tim a l c o lo u r  s t a b i l i t y  (Puolanne, 1977) 
(Pu o lanne, 1986 ). A ls o  r e s id u a l n i t r i t e  ( as a sou rce o f  NO to  

1 in h ib i t  NOMb d is s o c ia t io n  ) and a sco rb a te  ( to  in h ib i t  MMb and N 
oxyde fo rm a tio n  ) a re  con s id e red  e s s e n t ia l  f o r  c o lo u r  s t a b i l i t y  
(Ranken, 1981 ). B e lg ia n  l e g i s l a t i o n  a llo w s  the use o f  both  sodium 
and potassium  s a l t s  o f  n i t r i t e  and n i t r a t e  in  j o i n t  amounts up to  
200 mg/Kg ( exp ressed  as NaN02 and KNO3 r e s p e c t iv e ly  ) in  both  
p repared  meats and meat p rep a ra t io n s  produced u s in g  a " r ip e n in g  
p rocess  " .
The experim en ts  r e p o r te d  here were c a r r ie d  ou t to  e v a lu a te  the 
e f f e c t s  o f  n i t r a t e  and a sco rb a te  on c o lo u r  fo rm a tio n  and s t a b i l i t y  
in  d ry  sausages p repared  u s in g  " back s lo p p in g  " .  The l a t t e r  
p rocedu re  in v o lv e s  the use o f  f in is h e d  ferm en ted  sausage as 
inoculum ( s t a r t e r  ) f o r  a new p rod u c tio n .

MATERIALS AND METHODS

P re p a ra t io n  o f  sausages 1 In  a s e r ie s  o f  3 experim en ts  ( T ab le  1 
) ,  v a r io u s  l e v e l s  o f  KNOs w ith  o r w ith ou t sodium a sco rb a te  (NaAsc 
) were added w ith  varous l e v e ls  o f  NaN02 to  a sausage mix c u tte re d  
in  the sequence (%w/w): b e e f (3 0 .6 ) and p o rk (3 0 .6 ) ( - 5 °C ); g lu co se  
(0 .7 ) ;  p e p p e r (0 .0 9 ) ; nutm eg(0 .0 1 ) ;  a sco rb a te  and s t a r t e r  ( 1 m in .40 
s e c . ;  -2 ° C ) , fo l lo w e d  by la rd (3 5 ) ( - 2 0 ° C ) ( 3min.30 s e c . ;  - 5 ° c )  
and f i n a l l y  NaCl c o n ta in in g  n i t r i t e  and/or n i t r a t e  (2 .8 5 ) (  4min.20 
s e c . ;  - 7 °C) . As s t a r t e r ,  1% o f  a m ixtu re o f  2 two day o ld  sausages 
( 1 from  each company ) c o n ta in in g  ca . 107/g and 103/g o f  
L a c t o b a c i l l i  and M ic ro c o c c i r e s p e c t iv e ly  was used. In  one
experim en t a suspension  o f  M ic ro c o cc i { S taph ylococcu s_Carnosus,
Bacto 61, M ü lle r , 107/g ) was used as s t a r t e r .T h e  m ix tu re  was
c u tte re d  ( c u t t e r  201, Rex type HK 20 I I  ) a t  th e  la b o ra to r y ,  the 
r e s u l t in g  mix vacuum packed fo r  rem oval o f  a i r  and then s tu f fe d  
in to  p im a r ic in  t r e a te d  N a tu rin  ca s in g  (diam .6cm ) . The sausages (250 
ä 500 g ) w ere t r a n s fe r r e d  to  one o f  two com panies, ferm en ted  fo r  
2 days (20 -24°C ; 92-98% r . h . )  and then t r a n s fe r r e d  to  d ry in g
chambers f o r  fu r th e r  d ry in g  up to  21 d . ( g rad u a l d ec rea se  to  13 o r 
16"C and 80 o r 83% r . h . ) .

A n a lyses  : Measurement o f  pH was done d i r e c t l y  in  th e  sausages, 
u s in g  p o in te d  e le c t r o d e s  ( In g o ld  LOT 406M6) and a d i g i t a l  pH m eter 
( Kn ick portam ess 6 5 1 ). The red ox  p o t e n t ia l  was measured 
co n tin u ou s ly  by permanent lo n g itu d in a l in s e r t io n  o f  a combined 
Ag/AgCl r e fe r e n c e  e le c t r o d e  + P t e le c t r o d e  ( C onsort 42A -  In g o ld  
P t 4 200 K7 ) in to  a sausage. *
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Table 1 
Added

Expt. 1 s . l  
s . 2 
s . 3 
s. 4

Scheme o f  Experim ents

Expt.2

E xp t.3

s . 1 
s . 2 
s .3  
s . 4 
s . 5 
s . 6 
3 . 7  
s . 8

s . 1 
s . 2 
s .3  
s . 4 
s .5  
s . 6

NaNOa kno3 NaAsc
mg/Kg mg/Kg mg/Kg

171 _ _

171 - 600
86 125
86 125 600

- _ _ 600
296 _

296 - 600““ 325 —

325 600
150 162
150 162 600

74 108
74 108 600
74 108 600

148 216
148 216 600
148 216 600

S ta r te r
sausage

+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+

S ta r te r
c u ltu re

A sausage was removed at various times after stuffing twice around

“ J r  ” tY ^  “ *■ “V *  <* nitrite', titrate and
M NaOH at* 80 °c i  9te were immediately extracted in .01
, . . as described by Keliher & Norwitz (1987) After
r r r i M  with zns°<-7H!° «% . is to «  « s
stored at o . f f T  l0SSeS dUring storage- Extract=doll 1984, af r a analysis »>«ed on the Griess reaction
determined a at ^  DaViS et al ,1985) ' »itrate »*=, [mined after reduction to nitrite ( Beernaert et al 1987)
e x tra te d tn  l rtieSSh r e hCtl0n ^  a"  aut° - a™ ly^ r .  Ascorbate was 
ascorbate f  P '  aCid ,15% w/v) and d®termined using
at al U978K B°ehrlnger' Mannl>ai”  ) as described by Deneke

traversal" sau r e t i r e ,  «lorl»t.r, colour was measured on 
iuminlsitv , . T  a 6S ‘ 1 cm 1 aa CIELAB coordinates L* (
related to 'trist • ’ " *  b‘ « " » « « • • •  > • The latter areSurfar, _ istimulus values as described by Hunter (1975). 
Surface colour was measured on longitudinal slice.. ( 1 5  c m ) »
c o l o u ^ b y n o n ""r im e n t S ' Xt Was found t h ^  visual preference for 
= 96 } rained taste panel was higly correlated to a* ( R2
r e f i e c t a L  m e ^ u r e ^ n t s ' ^ f  d e tra±“ d by p e t i t i o n  ofmeasurements after exposure of vacuum packed
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tra n sve rsa l s l i c e s  ( 1 cm ) a t 8 °C and 90% r . h . ( r e f r ig e r a t o r  ) 
to a 75 Watt lamp a t 1 m. ( l i g h t  f lu x  = .7 W/m2) fo r  up to  24 h rs.

Results

£H : I n i t i a l  pH fo r  a l l  experim ents was 5.78 + .07 ( mean va lu e + 
S.E. o f  14 measurements ) ,  dropping on average  a f t e r  2 days w ith  
.72; .75; .64 ; .67 and .57 u n its  in  the p resence o f 74; 86; 150; 
171 and 296 mg/Kg NaN02 r e s p e c t iv e ly .  The use o f  a s t a r t e r  sausage 
was req u ired  fo r  a c i f ic a t io n .T h e  data su ggest an in h ib it o r y  e f f e c t  
o f n i t r i t e  on fe rm en ta tion , con firm in g  e a r l i e r  work ( Zaika e t 
a l ,1976 ).

N i t r i t e  and n i t r a t e  changes : N i t r i t e  was r a p id ly  d ep le ted  in  a l l  
experim ents, whereas n it r a t e  accumulated. No c le a r  e f f e c t  o f 
ascorbate  was observed  on these changes. From molar changes, i t  
can be c a lc u la te d  tha t net n i t r a t e  p rodu ction  accounts fo r  62% + 
15% ( mean + S .E .) o f n i t r i t e  d isappearance up to  24 h rs . a f t e r
s tu f f in g  ( T y p ic a l r e s u lts  shown in  ta b le  2 ) .  At la t e r  s ta ges , 
o th er re a c t io n s  c le a r ly  become more im p ortan t. Such re a c tio n s  are 
numerous and complex : g e n e ra l iz in g  Casssens e t  a l (1979) s ta ted  
that m yoglobin accounted fo r  5-15% o f the n i t r i t e  o r i g in a l l y  added, 
n i t r a t e  1-10%, re s id u a l n i t r i t e  5-20%, gas 1-5%, s u lfh y d ry l 5-15%, 
l i p id  1-5% and p ro te in  20-30%. C le a r ly ,  o n ly  n i t r a t e  production  
from n i t r i t e  is  in v o lv e d  in  net n i t r a t e  changes, as n i t r a t e ,  when 
added a lon e , does not d isap p ea r: up to  17 d a f t e r  s t u f f in g ,  n i t r a t e

Tab le 2. N i t r i t e  and n it r a te  changes.

E x p t.l Expt.2
s . 1 s . 3 s . 3 s . 7

Umoles/Kg
NaNOz

KNOa

added
2478 1239

1239
4290 2145

2145

T o ta l 2478 2478 4290 4290

Recovered 
( % o f  t o t a l  ) NaNOz KNOa NaNOz KNOa NaNOz KNOa NaNOz KNOa

a f t e r  0 
4-6 

24-28 
48-52 

4
12
17

hrs . 
hrs . 
hrs . 
hrs . 
days 
days 
days

100 0 
76 21 
78 28 
14 36

50 50 
36 53 
33 62 

8 72

100 0 
71 5 
68 18 
40 28 
18 28

50 50 
34 66 
26 54 
13 60 
11 43 
11 31 

5 48
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s u ffic ie n t^  PreSent in the Starter « “ «< »« are not
s t L : , ™ ™  >°

nitrate ^ i T i S g 11^  SUbStituti°" °£ nitrite for
underlined values in table 3) ew h Ur£aCe C°lour ,increased L* )(
always considerably darker than int • ”  that Sur£ace iS
surface is however not an effecto, „ t  T ' -  Brightani^  °£ 
reflection of lower nitrate add, r ' but rather the
increasing both nitrite and nitrati°additionV^ f “"'* ln expt-3: average value of 47.5 to 46 a 7 * !■  * .  lowered L* from anExpts 1 ) Tt ehm.ij k * brighter sausage than in other
colour'coordinates^as^d ,remembared that such email differences in 
the eye Surface da v lscusse here, are much more apparent for 
most probably due °f hlgher nitrlta Edition is
and immediately after stuMinc^F t f  “ °f “  dUrin3 ottering drying fixes t L  1  / i  ’ ’ Further acidification and surface
73 1 1  l  o t  and ^ 6 %  T % ° f o r  t V T ^ '  Dry „ „ „  con ten t 
c e n te r  r e s p e c t iv e ly  ( “ mean %  OI" sausage ed3e and f o r  the

hypo^Lis:6 series " i t h ^ Z e r  " ni tr^e" addition" *(s T T s "  3 mg/Kg) showed bright red surface colour ™  ^  (s-1'> 2 & 3: 74
at higher nitrite addition (s 4 5 jc. k i 'ao ^  stuffing' whereas was still greyish T h & 6 : 148 mg/Kg) surface colour greyish. These differences were also apparent for the

___ ?!!!!!_!f_iiitrate and asc°rbate on colour.

recovery was 97 + 3 % and q0 . ,

Added (mg/Kg) Expt.1 Expt.2
NaN02KNOa 171 86

125600
296 150

Ascorbate - 600 -

162600 600
Colour coordinates
L* surface 

interior 35
53 35 38 

53 52 37
51 37

44 37 39 
50 51 31

49a* surface 
interior 15

12 14 16 
13 15 17

15 13
16 12 12 

15 12 17
16

to"improve ^ d e n i n g  a ^ h i d T ^  * — r o c o c c i - »ta r te r  seemed
lowar ( underlined values in T a w T iT  M^Tti " “ l  luInlnosity » aS4 ) .A d d it io n  o f  a sco rb a te  does
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g hot seem to  a f f e c t  th ese  changes to  any c le a r  e x te n t .  In  th is  
;a te s p e c t  i t  should be noted  th a t 50 mg/Kg o f  n i t r i t e  i s  con s id ered  
)t to  be s u f f i c i e n t  f o r  both  c o lo u r in g  and a n t i-m ic r o b ia l  purposes in  
,e dry sausage ( Lucke,1985) (Demeyer e t  a l ,1 9 8 6 ).

,r Table 4. Effects of nitrite and nitrate on colour formation.
( _____________________________________________________________________________________

5 E xp t.3 : added (mg/Kg) Colour C oord in a tes
e 3d a f t e r  s t u f f in g '" ^21 days a f t e r  s t u f f in g

NaNOz kno3 A s c . M ic ro c . L* a* L* a*

74 108 — — 47 13 56 12
74 108 600 - 44 13 54 13
74 108 600 + 46 12 55 13

148 216 — — 46 9 54 11
148 216 600 - 46 9 52 10
148 216 600 + 43 13 52 13

Colour s t a b i l i t y  as measured here is  m ain ly a f f e c t e d  by the use o f  
a sco rb a te  and i s  r e f l e c t e d  by the d ecrease  in  a* va lu e  fo l lo w in g  
i l lu m in a t io n . A verage in t e r i o r  a* va lu e  was 13.0 + 1.0 and 13.5 + 
1.0 f o r  sausages p repared  w ith ou t and w ith  a sco rb a te  r e s p e c t iv e ly .  
These va lu es  were r e s p e c t iv e ly  reduced however by 7 .9  + 1.0  and
5.5 + .7 a f t e r  24 h r s . o f  i l lu m in a t io n ,  th is  d i f f e r e n c e  b e in g  
c le a r ly  s ig n i f i c a n t  ( mean va lu es  o f  6 d e te rm in a tio n s  + S .E . ) .

Eedox p o t e n t ia l  and a sco rb a te  d e p le t io n  : N i t r i t e  l e v e l s  c le a r ly  
a f fe c t e d  e a r ly  va lu es  o f  redox  p o t e n t ia l  and a sco rb a te  re c o v e ry  as 
i l lu s t r a t e d  in  T ab le  5. In c re a s in g  n i t r i t e  c o n c en tra t io n s  c le a r ly  
d ec reases  a sco rb a te  r e c o v e ry .  O b v iou s ly , re d u c t io n  o f  MMb, p robab ly  
in v o lv e d  in  a sco rb a te  consuming r e a c t io n s ,  i s  not s u f f i c i e n t  to

Tab le  5. N i t r i t e  a d d it io n , redox  p o t e n t ia l  and a sco rb a te  re c o v e ry . 

Expt.2  A sco rb a te  re c o v e ry  (% )1 Redox p o te n t ia l(E h -  ) (mV)2 

NaN02 ( mg/Kg )

0 ( s .2  ) 70 -  54
150 33 8
296 11 102

1 determ ined im m ed ia te ly  a f t e r  c u t te r in g 2 a f t e r  2 days

im prove su r fa c e  c o lo u r  ( Tab le  3 ) . The es ta b lish m en t o f  a more 
deducing environm ent however promotes c o lo u r  s t a b i l i t y  ( see a ls o
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Ranken, 1981 ). 
Conclusions
Nitrate is not reduced to nitrite in sausages prepared using a

starter sausage ( " back slopping ") probably because of lack of 
( active ?) Micrococci.

Nitrite is rapidly depleted and nitrate accumulates in such

- In such sausages, oxydation of nitrite to nitrate is coupled to 
rapid oxydation of MbOa and Mb to MMb, giving a greyish surface and 
nterior colour. Later MMb is reduced and NOMB is formed, 

responsible for the bright red colour. At high nitrite 
concentrations ( say over 100 mg/Kg ) surface MMb formation exceeds 
the potential for subsequent reduction, hampered by surface drying- 
Rate of reddening ( NOMb formation ) is not affected by the 
presence of nitrate or ascorbate. A slight improvement in the 
presence of a Micrococci starter was observed, but such effect was 
negligible compared to that of nitrite concentration. Substitution 
of nitrate for nitrite does not affect colour, except for the 
lowering of nitrite concentration.

Colour stability is mainly promoted by residual ascorbate and

and redox potential are increased by increasing nitrite

sausage fermentation, 
nitrate accumulation 
disappearance.

In the initial stages of fermentation, 
accounts for over 50 % of nitrite

levels.
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