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The meat c u r in g  i s  one o f  th e  e ld e ^ m e th o d s  u se d  f o r  

th e  p u rp o se  of  i t s  p r e s e r v a t io n  / 7 / . I n  th e  case o f  

p a s te u r iz e d  canned hams p ro d u c t io n  t h i s  p ro c e d u re  l o s t  i t s  

o r i g i n a l  c h a ra c te r  as a p r e s e r v a t io n  method and i t  i s  used 

now f o r  th e  im provem ent th e  s e n s o r ic  fe a tu r e s  and among 

them one o f  th e  most im p o rta n t i s  c o lo u r  o f  th e  c u re d  

m eat.

I t  i s  w e l l  p ro v e d  i n  th e  a v a i la b le  re s e a rc h  l i t e r a t u r e  

th a t  th e  n it ro s o p ig m e n ts  o f  c u re d  meat o r  n itrosohem ochrom e 

a f t e r  d e n a tu ra t io n  a re  th e  com ponents o f  th e  c o lo u r .

Z a t o c i l  and G ilk a  /15/ p u b lis h e d  th e  l a t e s t  re v ie w  o f  

th a t  l i t e r a t u r e .  I n  f a c t  th e re  i s  s t i l l  la c k  o f  u n a n im ity  

i n  e x p la n a t io n  o f  mechanism o f  th e  fo rm a tio n  o f  n i t r o s o ­

p igm ents / 2 , 8 , 1 3 , 1 5 / ,  b u t  th e  m a jo r i t y  o f  a u th o rs  a re

unamimous t h a t  one o f  th e  fa z e s  o f  t h i s  p ro c e s s  a re  

r e d u c t io n  r e a c t io n s .  M o re o ve r i t  i s  w e l l  known /14/ th a t
1 '  *, ; Um-M A

m  th e  p re se n c e  o f  s u r p lu s  n i t r i t e  th e  n it ro s o p ig m e n ts  o r  

n itrosohem ochrom e undergo  o x id a t io n  to  m etpigm ents and 

f u r t h e r  to  o x id iz e d  p o r p h y r in s .

B a s in g  on th e s e  in fo rm a t io n s  a u th o r  i n  one o f  h is  

p r e v io u s  re s e a rc h  w orks /J>/ p ro v e d , t h a t  th e  c o n v e rs io n  

r a t i o  e x p re s s e d  i n  % o f  n i t r o s o  compounds to  t o t a l  p igm ents 

i n  case o f  n i t r i t e  o r  n i t r i t e  p lu s  n i t r a t e  c u r in g  one can 

d e s c r ib e  b y  e q u a t io n ;
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w h e re :
Rq -  meat re d u c in g  pow er "before c u r in g  d e te rm in e d  "by th e  use

o f  K a j i t a  s method m oofie d  b y  Ando / l / .

MPG -  q u a n t i t y  o f  t o t a l  meat p igm ents d e te rm in e d  b y  H o rn s a y 's  

method /10/

a -  f a c t o r  o f  th e  d e cre a se  r a t e  o f  re d u c in g  pow e r, 

q ' -  q.NOg . l O ^ ^ P n  -  f a c t o r  o f  o x id a t io n  r a t e  o f  n i t r o s o -  

compounds o r  n itrosohem ochrom e to  m et-com pounds o r  

o x id iz e d  p o rp h y r in s

-  ITO^ -  c o n c e n t ra t io n  o f  NO^ i n  c u re d  meat, 

t  -  tim e  i n  h o u rs

The above e q u a tio n  1 has a maximum f o r  th e  v a lu e

t  = t  w h ic h  i s  m

The v a lu e  o f  t  d e n o te s  th e  c u r in g  tim e  c o rre s p o n d in g  to  

m axim al c o n v e rs io n  r a t i o  o f  meat p igm e n ts  /pm/ and th e r e f o r e  

d e n o te s  th e  optimum c u r in g  /w et c u r in g  and d r a in in g  in c lu d e d / . 

I t  means th a t  u n d e r d e f in e d  c o n d it io n s  o f  c u r in g  p ro c e s s  i . e .  

a t  d e f in e d  meat re d u c in g  pow er and pH as w e l l  as d e f in e d  

c o n c e t ra t io n s  o f  c u r in g  in g r e d ie n t s ,  th e re  i s  such c u r in g  tim e 

w h ic h  i s  th e  most fa v o u ra b le  on a c co u n t on th e  c o n v e rs io n  

r a t i o  o f  meat p igm ents to  n i t r o s o -  com pounds. So th e  s h o r t e r  

o r  lo n g e r  c u r in g  tim e from  t h a t  optimum one w i l l  e f f e c t  i n  

lo w e r c o n v e r s io n . r a t io .  S in c e  th e  a c t u a l l y  o b l ig a t o r y  c u r in g  

in s t r u c t io n s  a re  w orked o u t e m p i r i c a l l y ,  i t  seamed w o rth w h ile  

to  v e r i f y  s u i t a b i l i t y  o f  p re s e n te d  e q u a tio n s  f o r  programmed 

ham c u r in g  p ro c e s s  and a t  le a s t  to  d e f in e  th e  optimum c u r in g  

t im e  v a lu e .



Tlie  d e te rm in a t io n  o f  th e  d e cre a se  o f  meat re d u c in g  pow er i n  

th e  e q u a tio n  1 i s  o f  g re a t  im p o rta n c e . The a c tu a l  l e v e l  o f  r e d u - 

c in g  p o w e r, as i t  was p ro v e d  i n  th e  above m entioned a u t h o r 's  

work /3/ i s  e x p re s s e d  i n  e q u a tio n :

R = B0 .  e“ a # t .............................. 3

The e q u a tio n s  1 to  5 a re  t ra c e d  back to  model re s e a rc h  

e x p e rim e n ts . To v e r i f y  th e  drawn e q u a tio n s  w it h  e xp e rim e n t s ta n ­

d a rd  e r r o r  o f  e s tim a te  /S/ was in t ro d u c e d  / 6 / as w e l l  as th e  

&ean e r r o r  o f  th e  method o f  d e te rm in a t io n  /B /, Thus th e  

c r i t e r i o n  o f  c o n fo rm ity  o f  th e  drawn e q u a tio n s  w it h  th e  e x p e r i ­

ments w i l l  be th e  com pa rison  o f  S w it h  B .

Mater i a ls  and p r o c edure

i ’o r t y  f i v e  m inutes a f t e r  s la u g h t e r  hams were c u t  from  th e  c a rc a s s  

deboned, d e fa te n e d  and c h i l l e d  i n  6  h o u rs  to  6 °C. Th e y were 

Pumped w it h  m u lt in e e d le  equipm ent and w rapped w it h  m u s lin  s to c ­

k in e t s .  The n e e d le s  w ere spaced 20 m/m. F iv e  e xp e rim e n ts  were 

c a r r ie d  c u t  each i n  f o u r  r e p l i c a e .  I n  e xp e rim e n te  1 ,2 ,3 * 5  n i t r i t e  

b r in e  / f o r  1000 m l: N a C l-1 4 3  g, NaN02  -  1 , 8  g , su g a r -  2 , 8  g , 

Hamine -  40 g/ and i n  e xp e rim e n t 4 n i t r i t e  + n i t r i t e  b r in e  / f o r  

1000 m l: N a C l -  137 g , NaN02 -  0 ,6 5  g , KNO^ -  1 ,3  g , su g a r - 2 ,4  g 

fam ine -  38 ,3  g/ w ere a p p l ie d .  The c u r in g  p ro c e s s  began 38 h o u rs  

a f t e r  s la u g h t e r .  The hams were pumped w it h  b r in e  i n  th e  amount o f  

dO % o f  t h e i r  w e ig h t .  The c u r in g  and d r a in in g  was c a r r ie d  i n
•

rOn
2 0 . The pumped hams were c o ve re d  w it h  pum ping b r in e .  The wet 

c u r in g  tim e la s t e d  i n  e xp e rim e n ts  1 ,2 ,3 ,5  -  24 h o u rs  and i n  

e xp e rim e n t 4 - 4 8  h o u rs . The d r a in in g  tim e  la s t e d  i n  e xp e rim e n ts  

d > 2 ,3 ,5  -  108 h o u rs  and i n  e xp e rim e n t 4 - 8 4  h o u rs .

The r e g u la r  sa m p lin g  o f  each ham was c a r r ie d  on th ro u g h o u t 

th e  w ho le  p e r io d  o f  c u r in g  and N02 , N0^> pH , re d u c in g  pov/er and
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c o n v e rs io n  r a t i o  were d e te rm in e d . The sa m p lin g  was so p e r f o r ­

med t h a t  th e  s l i c e s  w ere c u t  from  each g roup  o f  m uscles a lo n g  

i t s  lo n g  a x i s .  I n  each sample th e  amount o f  meat c u t  from  

each grour> o f  m uscles was p r o p o r t io n a te  to  t h e i r  p e rc e n ta g e  

sh a re  i n  "Cue s n o re  ham. The sam ples w ere d im in u te d  and c a re ­

f u l l y  m ixed to  se c u re  th e  r e p r e s e n t a t io n  o f  th e  mean 

c o m p o s it io n  o f  ham m u sc le s .

-  th e  meat pH was d e te rm in e d  w it h  pH -  m eter L B S -6 1 ; th e  de­

te rm in a t io n s  was p e rfo rm e d  on w a te ry  s u s p e n s io n  o f  d im in u te d  

m eat; th e  r a t i o  o f  d i s t i l l e d  w a te r  to  meat was 1 : 1 ,

-  th e  c o n v e rs io n  r a t i o  o f  meat p igm ents to  n i troso -com p ou n d s 

was c a lc u la t e d  from  th e  data  o b ta in e d  b y  d e te rm in a t io n  o f  

n itro so co m p o u n d s  and meat p igm e n ts  b y  m o d if ie d  H o m s a y 's  

metnod / 1 0 /

-  th e  n i t r i t e s  and n i t r a t e s  w ere d e te rm in e d  b y  th e  use o f  

G r ie s s - I l o s v a y 's  method i n  th e  m o d if ic a t io n  og G ra u -M irn a  

/ 9 /

-  th e  meat re d u c in g  pow er was d e te rm in e d  b y  th e  use  o f  a 

m o d if ic a t io n  o f  th e  method o f  K a j i t a  / 1 / .

The mean e r r o r  o f  re d u c in g  pow er d e te rm in a t io n  was -  

4% and t h a t  o f  c o n v e rs io n  r a t i o  d e te rm in a t io n  was ± 9%.

B a s in g  on th e  o b ta in e d  r e s u l t s  th e  p a ra m e te rs  o f  th e  

e q u a tio n  2  w ere c a lc u la t e d  b y  th e  use  o f  th e  method o f  le a s t  

sq u a re s  a f t e r  t ra n s fo rm in g  i t  to  l i n e a r  fo rm  i n  th e  c o o r d i ­

n a te s  system  y , t  where y  = I n  B , The c a lc u la t e d  v a lu e s  a re  

g iv e n  i n  t a b le  1 .
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T a b le

The Parameters of the equation 3

I >

¡ ¡ h a h
¡¡__Nrir—

II

II

II

II

II
i t » . ; , 1

64,18
64,01
64,28
60,87
65,75
65.46 
65*40 
65*84 
65*17 
64,67
64.04 
65*11
61.47 
62,61 
66,25 
65,54 
64,74
62.04
6 1 ,90

: ; s s = : s

0,00060
0,00150
0,00120
0,00080
0,00125
0,00150
0,00114
0,00150
0,00126
0,00153
0,00099
0,00098
0,00122
0,00157
0,00178
0,0ul40
0,00133
0,0ol47
0,00093

The changes of reducing pow er are shown on the figure 1 separa­
b l y  for nitrites and nitrite plus nitrate b r in e s #  The curves
Present the mean values of following equations:
* experiments 1, 2, 3* 5*

r ,  1  rr —̂0 »00116 •  t ¿¡_R * 63*56 * e * .........*
experiment 4:

R s 63*96 » e-0*00149.t
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Standard error of estimate for equations 4 and 5* 
s4 » i 4,98 s5 . 1 5,63

and mean error of the method of determination 
S4 = i 5,09 s5 » i 5,10

This is the proof that equation 5 is suitable to describe 
the changes of the meat reducing power during the curing 
process conformable with the experiment in the limits of 
method error*

The equation 1 was transformed to* 
p/%/ * A.Rq /l-e~a* V  • e"q:t 
to make the calculation easier.

6



©ie parameters of this equations were calculated a n a lo g o u s ly  

to equation 3 and the auxilliary system of coordinates was y,t 
where y s ln/y-^-/. The parameters of R0 and a are identical 
with the ones shown in table 1 and the value of the other two were 
shown in table 2 ,Additionally the coefficients of determination 

/  for the linear form of equation 6 is listed in table 2,
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Tabele 2
Parameters of equation 6 and coefficients of determination

of its linear form/ r 2/

HAM | » , . Hr ! A/mg?T /

Il 
II 

Il 
II

--
--
-f

r--
-I

i
il 

II
Il 

11

«,'1q./hour / Coefficient 2 of determination r
II
II
II

‘4
1!
II

1 w,54
21,01

0,0123 0,958
2 0,0114 0 , 8 5 6

II
II
II

3 19,03
33,20

11 0,0097 0,906 II
II

1111
0 , 0 0 9 8 0,992 II

IIf{
5 17,23 0 , 0 0 8 3 0,941 II1!
6 19,00 11111

0,0118 0,891 II
IIu

7 i 25,98 0,0150 0,674 II
II

8 14,55 1 0,0081 0,797 II
II
u

9 - 15,86
111 0 , 0 0 9 8 0,835 II

10 18,41 1
11|

0 , 0 1 1 0 0,848 II
II

11 16,87 0,0069 0,803 u
II
II

1 2 15,85
11
1

0,0069 i 0,740 
0,0146 { 0,966

II
II

13 28,58 II
II1114 15,64 0,0107

0,0119
0,0090

0,0125

0,855 II

15 10,07 1111
»

0,978 II
II
II

1 517
15,49 0,810 II

II

19,59 1 0,885 II
II
If

18 12,09 0 , 0 1 0 2 0,799 II
II

19 24,60 1 0,0110 0,709 II
1!

n— II II II II II II II II II II II iiiinniiiiiiitn«titiii1! n—
 

II II II II II II II II 1! II II II II II II It II II 11 II II =SJI

h
itti
>itliIIII
II
II

II
II
II
II
II
II
II
II
III!
II
II
IIItit
tl
II
IIII
II

II
II
II
II
II
II
II
II
II
II
II
II
II
II
II

mean values of obtained parameters were figured out jointly
ioj? axpariments 1»2,3«5 and separately for experiment On this
kasig the curves of conversion ratio were drawn and shown on 
f ig u r e  2 .
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Ih© following equations correspond to those curves:
- The curve for experiments 1,2,5,5*

p/%/ = 1344, 91 /1 -e~° » e-0,0105. t .........

- The curve for experiment 4:

p/%/ = l040,22/1-e"“0,00^ ^ #̂ /.e~^,°11^*^
Standard error of estimate for equations 7 and 8: 

s 7  = ~  8 * 9 7  S g  a  i  8,43

and mean error of the method of determination: 
s - 9,08 B 3 - 8,42

Prom the obove the conclusion is drawn that equation 1/or 
equivalent equation 6/ describes reliably the changes of the



! , rl

111

i

conversion ratio with the precision within the limits of the 
error of the method.

As an additional criterion of the correctness of the applica­
tion of equations 1 or 6 the coefficients of determination /r2/ 
°f the linear form given in table 2 can be used.

On the basis of the proved correctness of equation 6 and 
Parameters shown in the table 2, the optimum curing time and 
maximal conversion ratio for each ham were calculated. The 
Results were shown in the table 3«

Tablejj

The optimum curing time and maximal conversion ratio

-  9 -

I

ITh â u 'ÜNr tm/hour/
I |

u 13ii J

79*4-5
82,91
97,50
98,45
112,57
79,68
64,44
114,97
59,80
85,89

155,51
154,50
65.55 
87,43
78.55 
103,64
75,67
51,49
87,91

50,03
55,51
52,41
58,11
56,48
55,12
44.25 
50,61 
47,82 
48,50 
55,80 
49,69 
52,05 
42,87
54.25 
46,79
47.40
57.40 
45,08
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4. Conclusions

The e x p e rim e n ta l results enable to say that the equations
1,2 and 3  may be used to describe the changes in conversion 
of meat pigments to nitroso-compounds during curing process 
of hams. The figure 2 shows clearly that there is optimum 
ham curing time which in accordance with the results shown 
in tabele 3 amounts to 88 hours for the hams with pH 5,4 
to 5t9« On this basis it can be stated that there is a 
possibility to programme the ham curing process by the 
use of equation 1.
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