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Heat penetra t ion  in to  cured meat i s  dependent oh a la rg e  
dumber o f  fa c t o r s ,  the most s i g n i f i c a n t  among them being 
fresh  meat quality-m uscle  marbling, duration  o f  meat 
Processing, q u a l i t y  o f  meat ready to  be heat trea ted  
(th ickness o f  subcutaneous f a t t y  t issue,, d i r e c t i o n  o f  
ttUscle f ib e r s  in  r e la t i o n  to  heating  medium), i n i t i a l  
temperature o f  meat product and i t s  un ifo rm ity ,  heat 
treatment procedure. Most o f  the above mentioned fa c to r s  
Have a lready  been examined and there  are  data on tha t  

aub je c t  in  the l i t e r a t u r e  (2 , 3, 4, 5, 10, 14, 15)»

fh  our prev ious experiments, examining the fa c to r s  which 
can play a c e r ta in  r o l e  in  the p a s teu r iza t ion  o f  canned 

Hems we have noticed  that the heat pen e tra t ion  in to  
geom etr ica l cen ter o f  these products i s  in fluenced  both 
by duration  o f  meat process ing and water ho ld ing  cap ac ity ,  
having th is  in  mindj we decided to  examine whether and to  
wHich ex ten t ,h yd ra t ion , depending on curing procedure, 

^dfluwMjas the heat pen e tra t ion  in to  cured pork.

®*perimental
A f t e r  usual s ides  c h i l l i n g  t o  + 4°  in  the butt cen te r  
(about 20 hours) and a f t e r  d ress ing , t e s t  hams were



d iv id ed  in to  two groups: l e f t  ham group and the r i g h t  oh®'

Curing was ca rr ied  out both by br ine pumping in to  a« 
l l i a c a  externa and by immersion in  a cover p ic k le .  In  the 

work the fo l lo w in g  two procedures were a p p l ied :

fini ng Procedure I  ( l e f t  ham group).
Tes t  hams o f  th is  groups were pumped by 15 percent w ith  
n i t r a t e - n i t r i t e  br ine , ca lcu la ted  on the we igh t o f  
trimmed bone-in han». Concentration o f  common s a l t  in  the 
p ic k le  was 15 percen t. Besides the above mentioned in g r®31 
ents, the p ic k le  contained the polyphoshate preparation  

( 2 ,8  %) and sugar, too .

Ham immersion f o r  48 hours was ca rr ied  out in  n i t r a t e -  
n i t r i t e  cover p ic k le  being o f  the same common s a l t  
concentrat ion  but w ithout polyphosphate prepara t ion  and 

sugar.

Hams were drained f o r  48 hours.

Curing Procedure I I  ( r i g h t  ham group ).
Tes t  hams o f  th is  group were pumped by 8 percent w ith  

n i t r a t e - n i t r i t e  br ine, ca lcu la ted  in  the same way as I® 
the f i r s t  procedure. Concentration  o f  common s a l t  in  th® 

p ic k le  was 25,4 percen t. Th is p ic k e l  a ls o  contained the 
polyphosphate preparation  (5 %) and sugar.

96 hour ham immersion was performed in  a n i t r a te -n i t r l^ ® /  

cover p ic k le  being o f  the same common s a l t  concentrate®11
as the pumping brine but w ithout polyphosphates ancj/sug®*

/
Haas were drained f o r  192 hours.

Cured hams con ta in e '  p r a c t i c a l l y  the same q u an t i t ie s  oi 
curing in gred ien ts  rega rd le ss  o f  curing procedure.

it
Temperature o f  the curing and dra in ing  department as 
as the p ic k le  one ranged from + 4 t o  + 5°C in  both 

procedures.

Further process ing o f  hams -  complete trimming o f
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^ermugcuiaj. f a t t y  and connective t is su es  -  was the same 

b°th  ham groups.

M e d i a t e l y  a f t e r  f i l l i n g  and c lo s in g  hams in to  cans, 

^et>®ocouple s e t t in g  and exhausting, hams were 
t'aateurized a t  78°C ( + 0 , 5 ) .
w
ât9r  hold ing capac ity  (WHO) o f  cured meat was determined 

^  Grau a compression method modified by Sonja Karan-
A s l i c e ,  12 x 8 x 1  -  1,2 mm in  s i z e ,  waa cut 

0ai cured ham p r io r  to  f i l l i n g  i t  in to  can and weighed
Oh
», a f i l t e r  paper o f  a known weight by a n a ly t i c a l  balance. 
J-he
O f w®ighed s e n i le  was covered w ith  another f i l t e r  paper 

a known w e igh t .  Meat s l i c e  covered w ith  papers was 
 ̂ 6aaed between two g la ss  p la te s .  The upper p la te  was 

f °aded w ith  a 200 g w e igh t. A f t e r  15 minute p ress ing , 
te r  papers f r e e  o f  meat s l i c e  were immediately 

j^Shed. The percentage o f  pressed-out ju ic e  was ca lcu -  
85 th r e la t io n  o f  the we igh t o f  absorbed ju ic e  by

b(>th
He;

Th;
U )

at
f i l t e r  papers t o  the weight o f  the examined cured 
sample.

8ae t e s ts  were ca rr ied  out w ith  two muscles -  m.aductor
and m.gluteus profundus (B ) -  o f  each ham, p r io r  to  

l l hg i t  in to  can. S l i c e s  were taken from muscle
suPf(

ac®s a t  os fem oris s id e .
i9at
U

64

Penetra t ion  ra te  was determined by temperature- 
checkings in  the geom etr ica l  cen ter  o f  hams in  

° ° « "  cans 10 3 ,2  x 140,6 x 297 mm in  s i z e .

^ >6I‘a tore  was r e g is t e r e d  in  5 minute in t e r v a ls  t i l l

He

'•ere reached in  the canned ham cen te r .  From tha t

^ t U

6ht on, temperature was r e g is t e r e d  each minute in  
Sl> to  e s ta b l is h  the number o f  minutes o f  h eating

canned ham cen ter  reached 65°C« Further temperature
^fies were not o f  in t e r e s t  from the standpoint o f  tne

295



The ra te  o f  heat p enetra t ion  was expressed as:

-  heating  time in  minutes to  reach 65°C in  geom etr ica l 
cen ter  ( t ) ;  and

-  number o f  minutes ( f ) requ ired  t o  reduce the quotient
o f  T, -  T and T, -  T d i f f e r e n c e s  to  a ten th .X c 1  o

T^ = process ing temperature
T2 = ham temperature in  the g e om etr ica l  cen ter
T q = i n i t i a l  ham temperature in  the g e om etr ica l  center*

On occasion o f  in te rp r e t in g  the r e s u l t s ,  hams were 
d iv id ed  in to  three groups according to  quantity  o f  
pressed-out ju ic es  i . e .  t o  t h e i r  water ho ld ing capacity* 
The group o f  hams having moderate hydration  cons isted  oi 
hams which va lues o f  pressed o u t- ju ic e s  expressed in  
percent were in  ranges 15,79 -  7,18 (15,79 being the meaP 

va lue  f o r  determined pressed-out ju ic e  percentage o f  a l l  
examined hams -  7,18 standard d e v ia t i o n ) .

Hams having percentages o f  pressed o u t- ju ic e s  h igher 
than the mentioned range were considered as a group o f  
low hydrated hams and hams having pressed out -  ju ic e  
va lues lower than 8,61 were in  the group o f  hams w ith  
high water hold ing capac ity .

R esu lts  and D iscussion

E f f e c t  o f  curing procedure on water hold ing capac ity  and 
on heat p enetra t ion  in to  geom etr ica l  cen ter o f  "ob long" 
ha ms"'during p a s teu r iza t ion  (78°C)
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i  *

------------------------------------------- ! I
Percentage o f  pressed out t  ! f  
ju ic es  f o r  cured muscles

Number
o f
saaples 1 

(N)A. B (A+B):2

I
11,96

20,94

10,13
2 0 ,10

11,06 2 2 2 ,7 2  266,0 

20,52 213,36 254,4" H
 

W
 

H
 

H

^ e  data presented in  Table 1, the f o l lo w in g  may be

'  CUl,ing procedure i s  o f  e s s e n t ia l  importance f o r  water 
h°ld ing  capac ity  o f  hams. Pressed o u t - ju ic e  percentage 
0f hams cured by the procedure I  (15 percent o f  pumped 

^ h e ;  process time -  96 hours) was lower f o r  9 ,4 6  
Co®Pared to  pressed o u t - ju ic e  percentage o f  hams cured 

the procedure I I  (8 percent o f  pumped b r in e ;  process 

Piffle «  288 hours );

c&bned hams cured by the procedure I  requ ire  a d d i t io n a l  
9,36 minutes to  reach 65°C in  the geom etr ica l  center 

C°®Pared to  hams cured by the procedure I I ;

t iae in  minutes ( f )  necessary to  reduce the quotien t 
°f  T1  “  T and Tx -  T Q, f o r  l o  times amounts to  266,0 
^ t e a  in  hams cured by the procedure I  and to  254,47 
^ t e s ,  namely 1 1 ,5 3  minutes le s s ,  in  hams cured by 

Procedure I I .

ilff
p ®ct  o f  curing procedure and hydration  on heat 

C 6tra t ion  in t 0  geom etr ica l  cen ter o f  "Oblong" hams 
Pa s teu r iza t ion  (78°C ) .

above mentioned va lues represen t mean va lues o f  a l l  

G a in e d  t e s t  hams, s e jB ra te ly  f o r  each curing procedure.
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Table 2 *

Curing
proce­
dure

Pressed out-
Hydration ju ic e  percen- 
o f  cured tage  f o r  cured 
ham muscles muscles

(A + B) : 2
(m in . ) (m in . )

Number

examined.
hams

( «  4

! i
h igh 6,85 227,50 265,50 2

moderate 12 ,0 0 221,67 266,11 9

i i
moderate 1 5 ,5 8 215,00 257,43 7 _

low 29,18 210,50 256,00 4

On the base o f  the data presented In  Table 2, the
fo l lo w in g  may be seen:

-  high hydrated hams cured by procedure I  needed 5,83 
minutes more t o  reach 65°C than the hams having moderate 
hydration trea ted  by the same curing procedure. 
Consequently, heat pene tra t ion  ra t e  f o r  hams having 
high hydration  (pressed o u t - ju ic e  percentage = 6 , 8 5 ) i® 
lower in  r e la t i o n  to  hams having moderate hydration  
(pressed o u t - ju ic e  percentage = 1 2 , 0 ) .

-  canned hams having moderate hydration  cured by procedur® 
I I  requ ire  on average 4 .5 .  minutes more to  reach 65°C 

in  the g e om etr ica l .c e n te r  in  r e la t i o n  to  hams having 
lew hydration  and cured by the same procedure. Heat 

p enetra t ion  in to  hams having lower pressed o u t - ju ic e  
percentages ( 1 5 , 5 8 ) i s  somewhat re tarded in  r e la t i o n  to 

hams having h igher pressed o u t - ju ic e  va lues ( 2 9 . 1 8 ) .

-  canned hams having moderate hydration  show d i f f e r e n t  

heat p en e tra t ion  ra te s  depending on the app lied  curing 
procedure, namely hams cured by the procedure I  requihe 

6,67 minutes more to  reach 65°C in  the geom etr ica l  cent0 f ’

a  The above mentioned values represent mean va lues o f  a l^  
examined t e s t  hams, sep a ra te ly  f o r  each group o f  t e s t  
hams (accord ing t o  hydrat ion ) and f o r  each curing proc00

298



comparing the "f" values of hams having higher and 
lower hydration within the same curing procedure, small 
differences were established which can be understood if 
definition of this value is taken into consideration.

x
X X

■be results presented in Table 1 show that heat pene- 
tration into geometrical center of "oblong" hams is more 
PaPid on occasion of application of longer curing proce- 
^d^e and a lower quantity of pumped brine in relation to 
b a t  penetration into hams cured by shorter procedure and 
a higher quantity of pumped brine (I).
®aides curing procedure, the water holding capacity also 

■^hfluences the heat penetration into cured meat (Table 2). 
°*ever, influence of this factor is dependent on the 

aPPlied curing procedure. For canned hams cured by proce- 
dbre i shorter one, and with higher quantity of pumped 

lne, the required number of minutes for ham geometrical 
Cehter to reach a certain temperature increases 
al®ultaneously with the water holding capacity namely 
h®at penetrates more slowly.
^dfluence of hydration rate on heat penetration was also 
1>6Sistered among hams cured by the second curing procedure.

e observed differences in heat penetration rate for 
^hhed hams due to water holding capacity are of relative 
^gnlficance. Ham hydration cannot be considered separa­
b l y  but always with the complex, in this case termed by 
c°-ianon name "curing procedure". So the dependence of heat 
P^hetration into hams to ham hydration was established by 

aerving two groups of hams having different curing 
ji'QCedures (it was shown that hams cured by the procedure 

b v e  higher hydration and lower heat penetration than
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hams cured by the procedure II).
Biochemical changes in the course of curing result in the 
release of a certain quantity of juice during heat 
treatment. If curing procedure is longer, the above 
mentioned appearances are more intenrive. By circulation 
larger quantities of cooked—out juices, heat transfer in 
faster and consequently hams are heated more rapidly 
(curing procedure II). Opposite to that, hams cured by 
the shorter procedure, namely hams having higher hydrati00 
release less juice during pasteurization and owing to that 
those ham3 are heated more slowly.
j.t is a fact that meat hydration rate, separately consi­
dered, is not a dominant factor on occasion of heat 
penetration. The observed differences in heat penetration 
into cured hams should be considered from the aspect of 
biochemical changes taking place during curing procedure 
and heat treatment.

Conclusion
On the base of the obtained results, the following 
conclusions may be drawn out:
1. During pasteurization by applying the shorter curing 

procedure with higher quantity of pumped brine having 
lower common salt concentration, heat penetrates into 
geometrical center of "oblong" hams more slowly in 
relation to hams cured by the ionger procedure with 
smaller quantity of pumped brine having higher common 
salt concentration;

2. The ham hydration influences the heat penetration rate- 
influence of this factor is les3 important than curing 
procedure.
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