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SUMMARY

Continuous e va lua t ion  of  s to rage  modulus (G ')  dur ing  
Heating o f  meat showed the same general p a tte rn s^ to  
a l l  samples stud ied :  G' decreases from 30 to 50 C, 
i n d i c a t i n g  s o f te n in g  o f  the sample. In  the
temperature range 52-55° C, there i s  an inc rease  ^n 
r i g i d i t y ,  fo llowed by a much steeper one above 65 C.

Beef and pork meat presented very s im i l a r os torage  
Modulus-temperature r e la t i o n sh ip  up to 75 C. Above 
t h i s  temperature the r i g i d i t y  o f  beef remained 
approximately constant  while  pork s t i l l  showed 
increase  in  r i g i d i t y .

The r i g i d i t y  o.f meat hav ing  pH 6,4 was lower than for  
meat with pH 5.5. A lso  the main t r a n s i t i o n
temperature fo r  beef hav ing  pH 6.4 was at h igher 
temperature.

INTRODUCTION

A con s ide rab le  amount of  work has been done in  
examining the in f lu en ce  of cooking on the textu re  o f  
meat (Bouton and H a r r i s ,  1972; B a i le y ,  1972; Lawrie, 
1979; Locker, 1982). Most o f  these re po rt s  are 
re la ted  to the measurement o f  shear force a f te r  
cooking samples fo r  d i f f e re n t  t imes and temperatures, 
an approach which may not be as s e n s i t i v e  in  
detect ing  t r a n s i t i o n s  as cont inuous  e va lua t ion  o f  the 
same sample dur ing  heat ing.

The technipue o f  mechnical spectroscopy  i s  we ll 
su i ted  to the rh e o lo g ic a l  c h a r a c te r i z a t io n  o f  a 
m ate r ia l  d u r ing  a complex time/temperature p r o f i l e  
without break ing  the s t ru c tu re .  I t  has been used for 
s tudy ing  heat-induced ge la t io n  o f  p ro te in s  
(Fge landsda l et a l. ,1 98 6 ;  Pau ls son  et a l . , 1 9 8 3 ) ,  but 
a l so  fo r  more complicated systems as fo r  the eva lua 
t io n  o f  s t ru c tu re  formation o f  a cake and ice  cream 
(Dea et a l . , 1 9 8 3 )  and for  comminuted muscle systems 
(Montejano et a l . , 1 9 8 4 ) .  No pub l ished  data, however, 
e x i s t  on the usage of  the technique for  whole meat.

In t h i s  paper a new measuring c e l l  fo r  attachment to 
the Boh l in  Rheometer has been designed and the 
P re l im ina ry  r e s u l t s  on the e f fe c t  o f  cooking 
temperature on the texture  o f  pork meat and beef 
Having d i f fe r e n t  pH-values are reported.

MATERIALS AND METHODS

Muscle samples were obtained from young b u l l  and p ig  
M . lon g is s im u s  d o r s i  20 h a fte r  s laugh te r .

Meat p ieces,  w h i l s t  frozen, were d r i l l e d  in to  
c y l i n d e r s  (5x20 mm) p a r a l l e l  to the f i b r e s  a long the 
muscle. The meat sample was bonded with cyanoacry la te  
to the lower and upper sample ho lder (F igu re  1). A 
thermocouple was attached to the measuring c e l l ,  
which was f i l l e d  with a lo w - v i s c o s i t y  s i l i c o n  o i l .  
The measuring c e l l  was attached to the Boh l in  
Rheometer ( 8 o h l in  Rheology Ab, Lund, Sweden).

In  t h i s  instrument a small amplitude o s c i l l a t i o n  i s  
app l ied  to the mater ia l  and the r e s u l t i n g  s t r e s s  i s  
compared with the s t r a in .  The amplitude r a t i o  o f  the 
s t r e s s  to s t r a i n  g ive s  the complex modulus, G*. The 
two s in e  waves w i l l  have a phase d i f fe re n c e , , - ^ ,  and 
t h i s  i s  used to g ive  the sto rage  and lo s s  components; 
in -phase  component being the s torage  or e l a s t i c  
componant (G')-* the quadrature component being the 
v is c o u s  or l o s s  term (G " ) .  Th is  i s  i l l u s t r a t e d  in  
F ig u re  2. Measurements were made at the s t r a in  
amplitude o f  0.004, frequency o f  0.5 Hz and at 
heat ing  ra te  of  1 C/min. Each po in t  in  the curves  i s  
the average of at le a s t  5 measurements.

F ig u re  1. The measuring c e l l .
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RESULTS AND DISCUSSION

F igu re  3 i l l u s t r a t e s  the p r o f i l e s  o f  G’ plotted 
a ga in s t  temperature fo r  f i v e  r e p l i c a te s .  The
r e p r o d u c ib i l i t y  i s  qu ite  good at h igher temperatures 
ta k in g  in to  account the heteregenous nature o f  meat. 
F ig u re  A g iv e s  sto rage  modulus ( G ' ) t l o s s  m o d u l i  
(G") and phase angle (> ) fo r  pork meat sample. G' * s 
decreased fom 30 to 50° C i n d ic a t in g  s o f te n in g  o f  the 
meat sample. In  the temperature range 50-60 C there 
i s  a small in c re a se  o f  G ',  followed by a much sharper 
and j more pronounced inc rease  above 65 as the
s t i f f e n i n g  o f  the sample i s  increased. A lthough the 
magnitudes o f  G” and , va r ied  a lo t  between re p l1'  
ca tes,  which i s  expected for  h ig h ly  e l a s t i c  systems, 
the curve p r o f i l e s  were the same for  a l l  the sample^ 
stud ied .  G" decreased from 30 to about 50° C an° 
inc reased  above 65° C, i n d ic a t in g  that " f l u i d i t y ^  
the sample i s  f i r s t  increased  and above 65 
decreased. Phase angle decreased du r ing  the heatio9> 
as the e l a s t i c i t y  of  the meat i s  increased.

F igu re  2. The p r i n c i p l e  o f  o s c i l l a t o r y  t e s t in g .
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F igu re  3. The thermograms o f  f i v e  r e p l i c a te s .
dur ing  heat ing.



f i g u r e  5a i l l u s t r a t e s  the thermograms for  beef and 
Pork meat and the r e s u l t s  show that above 73 C G' 
for pork meat i s  h ighe r than for  beef. S ince  the 
heat-induced texture  change in  meat i s  re la ted  to 
seve ra l  d i f f e r e n t  fa c to r s ,  such as p ro te in  
aggregat ion ,  co l la gen  sh r inkage ,  cooking  l o s s e s  
e tc. (Bouton  et a l . , 1 9 8 1 ) ,  the d e r i v a t io n  o f  the 
thermograms with re spect to temperature g i v e s  more 
d e t a i l s  of  the curves;  the t r a n s i t i o n  temperatures 
for major r h e o lo g ic a l  changes (F ig . 5 b ) .  Th is  f ig u re  
shows that the inc rease  of  G' i s  composed o f  seve ra l  
consecutive  events and the major t r a n s i t i o n

G* (kPa)

f ig u re  5. A) A thermogram fo r  pork meat and beef. 
B) The d e r i v a t i v e  form o f  the curve.

temperature i s  h igher for pork meat. F ig u re s  6a and b 
show that the r i g i d i t y  of  meat with pH 6.4 i s  lower 
than fo r  meat with pH 5.5 and the main t r a n s i t i o n  
temperature fo r  beef with pH-value 6.4 i s  at h igher 
temperature.

The work i s  being continued to measure the normal 
force, as some of the inc rease  o f  G' r e s u l t s  from 
co l la gen  sh r inkage .  Present s tu d ie s  inc lude  a l s o  the 
e f fe t  of  heat ing  rate, which i s  known to have great 
e f fe c t  on the tenderness of  meat.

G' (kPa)

c>G' /¿.T

F igu re  6. A) A thermogram fo r  beef with pH va lues  5.5 
and 6.4. B) The d e r iv a t iv e  form o f  the 

. curve.
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