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dany i n v e s t i g a t i o n s  were done in  o r d e r  to  s h o r t e n  the d u r a t i o n  

:0tae

%
o p e r a t i o n  in  meat p r o d u c t i o n .  With the  sane aim the p o s s i -  

e s f o r  a b b r e v i a t i o n  o f  c h i l l i n g  in  canned ham p r o d u c t i o n  have 

^ V e s t i g a t e d .  However,  i t  i s  l i t t l e  known what i s  the i n f l u e n c e
Sh.,

, a b b r e v i a t i o n  o f  c h i l l i n g ,  i n c l u d i n g  the i n f l u e n c e  o f  cure 

Aehce on p o s t  mortem chan ges  in  m u sc le .

\
Ka

■«d

He

»i

S s a i  and K a r p a t y  ( 1 6 )  quot ed  t h a t  i n j e c t i n g  \<yi o f  b r i n e ,  

a t  - i o ° C ,  in  the ham o f  p i g s  and than dipped i n t o  the brin<3 

t e m p e r a t u r e ,  the meat was c h i l l e d  a f t e r  2 h on the s u r f a c e  

'» and in  the c e n t e r  a t  10 °C.  They d i d n ' t  mentione the chan- 

^ther  in  c i o c h e m i c a l  p r o c e s s e s  nor  in  p h y s i c a l  c h a r a c t e r i s t —

^ s c l e s .

 ̂ i s  known that the quicke c h i l l in g  of muscle re ta rd s  the 

^  s i s  with re ta rd a t io n  of decrease of pH. The consequence i s
, l the

Of

V

PHy w il l  be higher ( l , 2 7 ) .  Muscle with slow decrease of 

higher WHC.
(9) summarizied that muscle would shorten l e s s  when the 

., developed a t  lower temperature, but only up to 15"C. At

H ^e,aPerature the shortening of muscle w il l  in crease ,  with max. 

\  5* 9 ,13 ,1 8 ,1 9 ,2 0 ) .  This phenomenon, or cold shortening is

^ ^ S s e d  in muscle cut or detached from carcass  (2 ,8 ,9 *1 3 .2 0 ) .  

, ll1 cold shortening i s  c o ar se r .  Hush et a l .  ( 3 ) and Jungk et

K  ’ ^ o t e d  that muscle in cold shortening tenderizes about 30
‘ V.P i g e r  e t  a l  (2 6 )  e s t i m a t e d  t h a t  ii red the n e g a t i v e
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e f f e c t  o f  co ld  sh o rten in g  even d isa p p e a r s .

There are data that the salts increase the tenderness »

(- 17) Deatherage (7 ) mentioned that all factors influences
d  9influence the tenderness, also. Some authors quoted that

ded to beef immediately p.m. slows down the g ycolysis and 
ases the pn. The VHC of such meat is higher .d,21).

Kamstra and Saffle (1 5) found in pore, ;nd Carpenter 0

( i t )  in beef that polyphosphate injected 15 min p.m. in mea* re

i ffor even stop the fall of pil, hut not because of stopping 01 
lysis but owing to the buffering power of this salt. Such a 
is more tender.

According to some authors the content of free SH &*° u P s
i*

decreasing during development of rigor mortis but during riPe
.6)it increases (5,6,2 1). On this basis chajuss and Spencer (5 ^

concluded that during development of rigor mortis disulfide
eage are formed between protein molecules provoking the 
of meat, and during the aging the linkeages are broken

i P 6

and * *

tenderizes. There are some recent quotations that the a>.rnoun*

free  SH group in meat d o esn 't  change p.m. s in g n i f ic a n t iy *
meat fThe amount of NPN and free amino acids increase in >

thaitedas a result of proteolysis (21,22). However, was estima-
re *“1 ,meat tenderizes before intensive proteolysis, also. The

lentioned above were obtained from the investigations o f
m e

of proteolysis without the influence of curing salts. 10*

and Golovkina (2 5) investigated these changes under the jp

of NaCl and found that s a l t  slows down the p r o t e o ly s i s .  ,/j

tbe *This study was initiated to examine comparatively
.Hio O *  ,ence of rate of chilling of pig hams under curing conai

(a )  pH, (b) development of r i g i d i t y  o f  muscle, (c )  chanS
es of



N

the
01 (d) amount of free  ammo N and (e) SB group, as well as ( f )  

changes of p l a s t i c i t y  o f  muscle.

Experim ental

s of landrace p ig s , weighing from 1 0 5  to 115 kg were used.

Ss were from the same farm, grown and nourished under the

c°h d itio n s. Pigs were e le c t r ic a l ly  stunned and dressed in

* way, fo r  50 to 40 min. Hams fo r  quick c h il l in g  were cut 
N  hain lv «s and trimmed by taking of the sk in  w ith fa t ,  leaving

H of i  to 2 cm of f a t .  Hams were trimmed in  2 h p.m. Hams
4s co n tro ls  were cut and then trimmed from halves c h ille d  in

v t)qe 55 rooms at 0 ° to 3°/24 h . 3 2  hams were examined in  to t a l.

Hams were q u ic k ly  c h ille d  hy two procedures:
P j ,

t °cedure I :  Right trimmed hams were dipped 2 h p.m. in  brine 

!u " ated at 0°C, R e latio n  meat-brine was 1 : 3 . Brine was perma-
htly

8 t irred and kept at the same temperature. When hams were 

V  ^6r&ted at 10°C in the depth of m. semimembranaceus (o.Sem.)
‘ tra

1«,*t
ar*sfered in to  brine re fr ig e ra te d  at 5°C. The hams were in -  

 ̂d <> .
« P.n. by 12+2#' of b rin e , containing 3 kg of "T a ri P2",

lOo !

tj cedure n .  jn  r ig h t  hams was in je cte d  2 h p.m. 1 2 +2 'S of
and

H

In

. • Hams

than they were dipped in  i t  as described in  procedure I .

cH ille d  le f t  hams, used as c o n tro ls , l 2 +3 if of brine was in -
■¿k v,n P.m. Brine was re fr ig e ra te d  at 4°C.

5
C h ille d  by procedures I  and I I  were dipped into brine

ana c° n tro ls  fo r  2 days, and a fte r  that were drained fo r i
' *  5 .c .
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Bate  o f  c h i l l i n g  was measured by b i m e t a l i c  thermometer 

Se a .  l cm beneath  the s u r f a c e  and in depth n e a r  o s s i s  f e m or i8* 

R i g i d i t y  was r e g i s t e r e d  with r i g o r m e t e r  by Sybesma a t  tb1”6 

de termined s p o t s  on m, Sen,  and m, g l u t e u s  medius ( m .G .m .) .  ®e 

s u i t s  o b t a i n e d  by t h r e e  measurement were e x p r e s s e d  as  a v e r a g e 

v a l u e s .

pH was measured in two sa m ples  o f  aqueous  e x t r a c t  o f  

( l : 5 )  with p h y llip s  M 9400 p o t e n t i o m e t e r .

WHC was determined in two samples o f  m.Sera. using Gran a®0

3U8'/Hamm method. B esides ,  WHC was determined in (b )  450 g o f m. q 

ceps femoris (ro.Q .f.) cut into 3 to 4 p ie c e s ,  canned and s t e f1*

ed fo r  35* ( i05 °C , and (c )  in 200 g of ground and mixed muse 

canned and s t e r i l i z e d  fo r  3 5 '/ l lO °C .  Two days l a t e r  the can8 

opened and drip  in re la t io n  to meat was determined.

P l a s t i c i t y  of muscles was determined by measuring the

\ e 9'

suf}

of compressed samples of muscle while WHC was determined. S0'
jd

c f  muscle f ilm  (and of wet f i l t e r  paper) was measured by 

>f0M, Budapest.
(2*

i«
Free amino N was determined by pope and Stevens method 

as modified by Schroder et a l . (25) .  E xtract from m.biceps 

(m .B . f . )  was prepared according to the Herzheld ( i2 )  method* ^  

s u i t s  were expressed as amount of fre e  amino N in relation
N.

( i  0)

Samples fo r  determination of pH, WHC (by compression)»

y

Free SH gro up s  were de term in ed  by Hamm and Hoffman

n 2i\c i t y ,  content of free  amino N, and free  SH groups were ta^e

p.m. from the center of hams c h i l l e d  by P r o c .I ,  where cur1 

d ien ts  d id n 't  d i f f u s e .

ng
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Results and discussion

in

fn

rates of chilling of hams refrigerated by Proc.I and II 
of small differences. These differences were expressed only 
irst two hours of chilling. Rates of chilling of these hams in 
l̂ion to the controls were small at the beginning, later grow-

ct>:

3o
'ill

to

In,

bigger. The temperature of 30°C was reached in depth of hams 

ed by p r o c . I  and I I  a f t e r  20 min of c h i l l in g  and fo r  about 

^0 min e a r l i e r  than in c o n tr o l s .  Temperature o f  20°C was 

®d a f t e r  about 90 min of c h i l l in g  in the center o f the f i r s t  

0<lb of hams and 90 min l a t e r  in c o n tr o l s ,  and temperature of 10° 

Vas reached in the f i r s t  group a f t e r  about 4 h o f  c h i l l in g  and 

° °h tro ls  about 6 h l a t e r .

th

it
‘Oh

In m.sem. of hams c h i l l e d  by P ro c .I  pH^ decreased not lower 

5.7, while in co n tro ls  i t  reached 5 ,5- (The brine was pumped 

Iese hams 24 h p.m.). In the same muscle from hams c h i l le d  by 

■ Tl, pumped with brine 2 h p .m ., pH  ̂ was 5,8 a f t e r  4 h, while
*-t

c°b t r o l s was pHy 5 ,4  and began to in crease  a f t e r  in je c t io n  of 

but never reached pH in hams c h i l l e d  by P ro c .I  and I I .  pH

ît
V

huScle s  c h i l l e d  by Proc I was higher than in c o n tro ls  owing to 

* er c h i l l in g  of the f i r s t .  In the hams c h i l l e d  by P r o c ,I I  pH 

^ g h e r  because o f  the e a r ly  in fluence o f  polyphosphate (4 ,15)

Nucí

The

, which in fluence pH e le v a t io n  (9 )

obtained r e s u l t s  show th a t  the development of r i g i d i t y

d i c k e r  in qu ickly  c h i l l e d  m u sc le s . Due to i t  can be conclud
es tv

r i g i d i t y  was developed as a  r e s u l t  o f r i g o r  m ortis an

1 sbortening Namely, in ra.G.m. of hams c h i l l e d  by P xoc .I
«

cle
1 •)  the r i g i d i t y  was 2 h p .m .,  i . e .  1 h a f t e r  cuting the 

» 11 mm and in control was 9 mm. These r e s u l t s  were in ac-
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cordance with the findings of some authors (2,8,9.13*26). in * •

.„i <ji'
Sem., muscle which wasn't cut while hams were trimmed, the rig* 
ty didn't increase so much. In m.Sem. and ra.G.m. of hams chil-̂ ®

iiby Proc.II maximal rigidity was developed about 3 h p.m. while 
controls about 10 h p.m. However, after the maximum rigidity ***

*5reached there were not" significant differences between those 
ed by proc, I and II and their controls. Maximal reached valaeS

U»'

re'

te<5

mained, in g en e ra l ,  the same during 96 h o f examination. Tbese 

s u i t s  were d i f f e r e n t  from f in d in gs  th at noncured beef  muscle *  

developed cold shortening w i l l  tenderize  a f t e r  30 h p.m.

But our r e s u l t s  were obtained in v e s t ig a t in g  pork muscles pufflPed 

with 14 and 15«e of b r ine .  In ad d it ion  to these e f f e c t s ,  inj®c 

brine mechanically increased  the r i g i d i t y  of muscles and i t s  

g red ien ts  provoked the sw elling  e f f e c t .

VHC of m. sem. of hams c h i l l e d  by Proc. I  was very sim i^3 
con tro ls  - i t  was decreasing  u n t i l  24 h p.m. (from 5,5 to 1°

r*'

■ it»

to

d®

and then, when the brine was in je c te d ,  WHC was in creasin g  i D

c h i l l e d  by p r o c . I  ( P i g . 2 . ) .  At the end of curing and of d ra i °
* O 7

t9b h p.m.) WHC of muscles of hams c h i l le d  by Proc. I was

of con tro ls  4,6 cm2 , changes of th i s  c h a r a c t e r i s t i c  in m.se

hams c h i l l e d  by proc. I I  are shown in F ig .  2. a .  From these

one can see that WHC o f  muscles o f these hams was markedly

than of c o n tro l s ,  and that 4 h a f t e r  pumping WHC began to iIlC
b O  '

At the end of examination (96 h p.m .) the d if fe re n c e  was a 

4 cm2 between these va lues  ( 3,7 and 7,5 cm“ ) .  In th i s  cas« 

s a l t in g "  e f f e c t  was expressed (9 ) .

jpg

t®

By the measurement of the weight of hams during the

ill*

fe'

0 ^  .

cO®and curing it was determined that hams chilled by Proc. 1* 
ed the largest quantity of water. This content was higher i

t®JP
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to con tro ls  f o r  + i ,5 9 $ *
However, muscle of a l l  groups o f  hams processed  a t  105“ and 

U°°C, i ncluding c o n tr o l s ,  re le a se d  the same quantity  of ju i c e ,  

^eberal (Table 1 . ) .
Amount o f  re le a se d  ju ic e  during s t e r i l i z a t i o n  of the cans 

G a in in g  450 g and 200 g of meat

S i es

toCedUr{
^ r o l s

'0,ltr o i s

Table l .

450 g -  p ie c e s  o f  meat 200 g - ground me

_ XX
I 25,7 0,84 23.9 1,09

24,3 0,78 23.1 0,71

I I  2 5 ,A 1,18 21,6 1,82

24,8 1,00 21,8 1,64

Comparing these r e s u l t s  with those obtained by measurement 
w ^ C  by Grau and Hamm method i t  i s  n o t ic e a V e  th at  the increased  
QjC detected by compression was completely l o s t  under the e f f e c t  
t the temperature o f  105° and 110°C. These r e s u l t s  are opposite  
^  the f in d in gs  o f  Wisraer-Pedersen and Briskey  (27) .  However, 
v 6Se authors examined the qu ick ly  c h i l l e d  hams pumped with 8 *  of

Hy measuring the amount o f  f re e  amino N in m .B .f .  there was 

^  d iffe ren ce  in e f f e c t  by Proc. I  and I I  in the ra te  o f  proteo- 

 ̂ v* s * but i t  was detec ted  augmentation fo r  i / 3  o f  f r e e  amino N 

*'°ni 1 ,77-1,97 to about 3,0*) in a l l  groups o f  hams during c h il l -  

S aad curing .
At the same time, i t  Was detec ted  th at used procedures of

and curing d id n 't  in fluence n e ith e r  the change, o f  amount 
f
tee SH groups nor these amounts were s i g n i f i c a n t l y  changed

% ‘in
& c h in in g  and curing (P=0,05)-

Measurements o f  the p l a s t i c i t y  o f  muscle, a s  in d ic a t io n  of



tenderness, showed that t: : c h a r a c t e r is t ic  was decreasing f° r 

h in  hams c h il le d  by Proc. I  as in  the co n tro ls  and la t e r  was
rTcre a sin g , p la s t ic it y  of muscles from hams c h il le d  by Proc. H  

co n sta n tly  in cre a sin g  and was co n sta n tly  h ig her in  co n tro ls

3 . and F ig . 3 . a ) .  Such d iffe re n c e  in  p la s t ic it y  remained u n ti1 

the end of exam ination, and prohahly was the r e s u lt  of the e 

of NaCl and polyphosphate.

The obtained r e s u lt s  show that used procedures of c h i l l i

, f f * cl

and curing increase the tenderness of muscle, hut the chang 

t h is  c h a r a c t e r is t ic  were not follow ed by corresponding chang

eS

eS of

r ig i d it y .  D iffe re n ce  between t h is  r e s u lt  and the fin d in g s obt* i»'

vfed by Bush et a l . ( 3 ) and .Jungk et a l . ( 1 3 ) can be explained 

the e ffe c t  of s a lt s  from brine which was pumped in  hams, whi* 

these authors examined noncured meat.

Our re s u lt s  d id n 't  confirm  the presumption that the cn 

of r ig i d it y  and tenderness of muscles were follow ed by the 

of amount of free SH groups. However, the changes in  tenderde 

were in  c o rre la t io n  w ith the changes of WHC.
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^6* 2a. WHC of m.Sem. from Hams chilled by Procedure -I and 
from controls
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