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In tro d u c t ion

D e p le tio n  o f n i t r i t e  during  the c u rin g  process, the heat t r e a t 
ment and s to rag e  o f cured meat p ro d u cts , is  a w ell-know n pheno
menon. I t  has been po in ted  out th a t heat co n verts  n i t r i t e  ra p id ly  
to forms wich are  u n d e te c ta b le  as such (G reen berg , 1972) and 
th a t the n i t r i t e  loss ranges from 30 to 90 p ercent (G re v e r, 1973)- 
The same process co n tinues  to take p lace  during  storage  a t room 
tem perature under an aerob ic  c o n d it io n s . According to Olsman (1973) 
the heat o f a c t iv a t io n  o f the n i t r i t e  d e p le tio n  process is  13 to  
Ik  kcal per mole o f  n i t r i t e .  Two days a f t e r  p rocessing a t  71°C 
and s to rag e  a t 5°C o f  luncheon meat type p ro d u cts , Sebranek (1973) 
was a b le  to id e n t if y  less than o n e -h a lf  o f  the added n i t r i t e .  In 
g e n e ra l,  depending upon the product and the procedure used, less  

than 50$ the o r ig in a l  n i t r i t e  can be detected  a n a ly t ic a l ly  by 
the tim e the product has been heat processed. D e p le tio n  continues  

during  s to ra g e , so th a t  most r e t a i l  products c o n ta in  5 to 30 ppm 

o f n i t r i t e  (Cassens, 197 9 )- V e s e lin k a  D jo rd je v id  e t  a l .  (1980) 
found 51 to 68 p ercent o f re s id u a l n i t r i t e  in a type o f Yugoslav 

cooked salam i (a t  82°C fo r  210 m in .) ,  c o n ta in in g  i n i t i a l l y  3 and 

12 mg$ o f n i t r i t e  re s p e c t iv e ly .

Due to the g re a t d iv e r s i ty  o f cured meats being produced, an 
obvious requirem ent is  to in v e s t ig a te  the fa te  o f n i t r i t e  in 

each in d iv id u a l meat p ro d u ct. We decided to examine the e f fe c t  
o f a s p e c if ic  cooking tre a tm en t and co ld  s to rag e  on the le v e l 
o f re s id u a l n i t r i t e  in the c o n c e n tr ic  ( p e r ip h e r a l,  in te rm e d ia te  

and c e n tr a l )  la y e rs  o f la rg e  d iam eter sausages (0 60 mm and 0 

100 mm).

m ediate la y e r  and 19.1°C  in the c e n tra l la y e r .  Accordingly»  
tem peratures o f  these la y e rs  were increased r e la t iv e  to f i*13' 
tem perature o f the s t u f f in g  (18°C ) by 3 -7 , 2 .8  and 1.1°C  reS*J 
t  i ve 1y .

Heat tre a tm en t re s u lt in g  from the cooking stage was complet€t* 
soon as a tem perature  o f 70°C in the c e n tra l la y e r  had been ^  
reached. At th a t tim e the tem perature o f the in te rm e d ia te  ,ay 

was 5°C and th a t o f  the p e r ip h e ra l la y e r  7 .k°C  h igher than 1 ^  

tem perature in the c e n te r . During the i n i t i a l  p e rio d  o f c0°  ^
(35 m in. a t  1 8 °C ), the tem perature o f these la y e rs  went i nC

i l a ye1
f u r th e r .  The h ig h es t tem perature reached In the perlphera  ^  

was mesured as 7 7 .6 °C , th a t in the in te rm e d ia te  la y e r  75-® 

w h ils t  the tem perature in the c en te r reached 72 .3 °C .

F ig . 1. Cooking and c o o lin g  p a tte rn s  o f p e r ip h e ra l ( P)* * n1C ^ 
d ia te  ( I )  and c e n tra l (C) la y e r  o f la rg e  diam eter (0 

cooked sausage

M a te r ia ls  and Methods

Under p r a c t ic a l  c o n d it io n s , a f in e ly  comminuted sausage m ix tu re  

was prepared w ith o u t ascorbate  a d d it io n  (w a te r = 53-5  -  5 k .6$; 
p ro te in s  -  1 2 .9  -  1 3 .U ;  f a t  -  28 .0  -  2 9 .8 $ ) and f i l l e d  in to  
Faser Top Braun 0 60 mm and 0 100 mm cas in g s . The sausages were 

cooked a t 80°C -  those o f s m a lle r  d iam eter fo r  60 m in .,  those 
w ith  the w ider d iam eter fo r  115 m in .,  to ensure th a t a minimum 
tem perature  o f 70°C was reached in the c en te r o f the p ro d u ct. 
A f te r  co o lin g  w ith  w ate r a t 18°C, the sausages were s tored  fo r  
15 days a t  8°C . By means o f an " E lla b "  therm ocouple heat t r e a t 
ment was recorded in a l l  th re e  la y e rs  o f the sausages. The residual 
n i t r i t e s  ( re a c t io n  accord ing  to  Z a m b e lli)  were determ ined in the 

raw sausages, in the sausages one hour a f t e r  p ro ce ss in g , and on 
1 s t , 8 th  and 15th day o f s to ra g e . A f te r  the sausage ends had 
been cu t o f f  ( 1 .5  cm ), the c o n c e n tr ic  la y e rs  were cut a p a rt  using 
a metal d r i l l i n g  d e v ic e . The th icknesses  o f the p e r ip h e ra l and 
in te rm e d ia te  la y e rs  o f the sm a lle r d iam eter sausage were each 

1.1 cm and th a t o f  the c e n tra l la y e r  1 .6  cm. These measurements 
fo r  the w id er d iam eter sausages were 1 .7  cm and 3 .2  cm respec
t iv e ly .

A ll  o f  the in v e s t ig a tio n s  were repeated  th ree  tim es.

R esults  and D iscussion

In the course o f the c u t te r in g  process and the hanging o f stuffed  

sausages, in te ra c t io n  o f n i t r i t e  w ith  d i f f e r e n t  m uscle, connec
t iv e  and f a t t y  t is s u e  components takes p la c e . Thus, the i n i t i a l  

n i t r i t e  c o n c e n tra tio n  o f 200 mg/kg f e l l  to 17k . 0 mg/kg in the 
s m a lle r d iam eter sausage, and in the w ider d iam eter sausage i t  
was reduced to 178 .7  mg/kg. These f ig u re s  rep rese n t a d e te c tio n  

o f 87-0$  and 89 .3 $  re s p e c t iv e ly .

H e a t  t r e a t m e n  t . -  F ig . 1 i l l u s t r a t e s  the h ea tin g  of 
d i f f e r e n t  0 100 mm cooked sausage la y e rs  during  cooking a t 80°C. 
The in d iv id u a l tem peratures o f the sausage p r io r  to cooking were 
as fo llo w s : 21 .7 °C  In the p e r ip h e ra l la y e r ,  20 .8°C  In the In te r -

At the end o f the p eriod  o f co o lin g  the tem perature o f the 
phera l la y e r  was as high as 35°C , th a t o f  the in te rm e d ia te 

55 .6°C  and o f  the c e n te r  6k°C . Even a d d it io n a l c h i l l in g  *n ^
chamber w ith o u t a i r  c i r c u la t io n  a t  8°C fo r  90 m inutes ProĈ U

(21. ■ *no e q u il ib r a t io n  o f tem perature  in the examined layers  ^
27 .0  and 30°C r e s p e c t iv e ly ) .

Tab le  1 shows the mean values o f the con ten ts  and perce nta9e
ndo f the re s id u a l n i t r i t e  d e tec ted  in c o n c e n tr ic  0 60 mm a nde*''

100 mm sausage la y e rs , one hour a f t e r  heat tre tm e n t has ^  
I t  is  e v id e n t th a t the re s id u a l n i t r i t e  le v e l is  h ighest ,n 
c e n tra l and the lowest in the p e r ip h e ra l sausage la y e rs .

, iaw*r
The le v e l o f  re s id u a l n i t r i t e  in the 0 60 mm sausages wa ^  
in a l l  la y e rs  than in the 0 100 mm sausages. The mean v a lu 
the re s id u a l n i t r i t e  in a l l  la y e rs  o f the s m a lle r diam eter ^  

sausage was 120 .5  mg/kg w h ils t  in the 0 100 mm sausage an 

t io n a l  2 7 .7  mg/kg o f the re s id u a l n i t r i t e  was d e te c te d .

tec<e‘
Tab le  1 -  Contents and percentages o f re s id u a l n i t r i t e  ce fo1 

in c o n c e n tr ic  la y e rs  o f the 0 60 mm sausage co
R0 C60 min. and the 0 100 mm sausage cooked for 115 min. at

Layers 0 60 mm sausage 0 100 mm s a u i i ^
of the 
sausage mg/kg

n i t r i t e
$

d e te c t ion*
mg/kg

n i t r i t e

l
det*S^

pe r 1phe ra 1 116 .9 5 8 . k 1 k 1 . 3 7«'
73-
78.

i n te rmed i a te 12 0 . 1» 60 .2 1 k6 .6

c e n tra l 1 2k . 2 62.1 156 .6

AVERAGE : 120 .5 60 .2 1 k 8 .2
7i».

» c a lc u la te d  on 20 0 .0  mg/kg added n i t r i t e

Assuming th a t d e p le tio n  o f n i t r i t e  s ta r ts  from the moment
coming in to  co n tac t w ith  the m eat, th a t is  from the beg 

o f the c u r in g , and con tinues  du rin g  the cooking and coo 
the fo llo w in g  con clus ion  may be drawn:

m  9
i m g»
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' the 
* 1 me

deP Ie t  i on o f n i t r i t e  in 0 60 mm cooked sausages is  1 .5  
higher than in 100 mm d iam eter sausages;

ther o f these cases d id  th is  d e p le tio n  reach the 50 p e r-  
Cent va Id ,ue, which is  re fe r re d  to  in the l i t e r a t u r e  severa l 
times ac^  5 a general co n c lu s io n . Probably th is  occurs o n ly  when

n i t r i t e  is  a p p lie d  along w ith  the ascorbate  which was not the ra
Se m our exp erim en ts .

of a 9 e . -  During the 15 day storage  p e r io d , the d e p le tio n
Sâ  1 te continued in a l l  o f the la y e rs  o f both s ize s  o f sau- 
cerit ' Tbe le v e l o f  re s id u a l n i t r i t e  remained h ig h e s t in the

Uye

Tab|e

a * 'a y e rs , and dropped to i ts  low est le v e l in the p e r ip h e ra l
rs (Table 2 ) .

Contents and percentages o f  re s id u a l n i t r i t e  detected  
in c o n c e n tr ic  la y e rs  o f the la rg e  d iam eter cooked sau
sages during  15 days s to rag e  a t  8°C

D a y s o f s t o r a g e

3es 1st 3th 15th
mg/kg % mg/kg % mg/kg %

Hn:

Pheral 105.0 52.5 92.0 46.0 82.2 41.1
6rrr|ediate 109-3 5«.-6 97.0 48.5 84.9 42.4
tral 117.0 58.5 102.4 51.2 91.5 45.7
toce; 110.«» 55.2 97.1 48.6 86.2 43.1
mm-.

Pheral 114.7 57.3 96.1 48.0 89.6 44.8
ír"*d¡ate 121.5 60.7 97.0 48.5 91.9 45.9

123.6 61.8 100.6 50.3 93.8 46.9

«»8.9 91.8 «»5.9

°n *s calculated on 200 mg/kg added n itr i te
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1 et I
‘“sa. ° n o f 50 percent o f added n i t r i t e  in the examined cooked

9es Was found w ith in  an average o f 8 days s to rag e  a t 8°C .

bas i s 0 f  t he d e tec ted  le v e ls  o f re s id u a l n i t r i t e  in la rg e  

add j t j *" Co°ked sausages (0 60 and 100 mm), m anufactured w ith o u t  
the fo llo w in g  con clus ion s may be drawn:

c*rit
c*nt
'°We

e vel o f  re s id u a l n i t r i t e  v a r ie s  between in d iv id u a l con- 
r ,c  la y e rs  o f the sausage. I t  is always h ig h es t in the 
ra « la y e rs , somewhat lower In the In te rm e d ia te  lay e rs  and
st «n the p e r ip h e ra l la y e rs .

w*s
ra te o f n i t r i t e  d e p le tio n  one hour a f t e r  heat tre a tm en t  

•5 tim es h ig h er in the 0 60 mm sausage than in the 0 101
c°oked

N¡tr|
te d e p le tio n  e f fe c te d  by 60 min. cooking a t 80°C o f the

sausage was s u b s ta n t ia l ly  g re a te r  than th a t e f fe c te d  
''5 min.

*UsaQ

UeP 1 e

cooking a t  the same tem perature o f the 0 100 mm

e t »°n o f 50 p ercent o f added n i t r i t e  was found to occur 
' " ‘ hln

esPect
an average 8 days storage  o f the f in is h e d  pro d u ct,

i ve o f sausage d ia m e te r.
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