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Over th e  y e a r s ,  ideas  as to  which components o f  meat a re  r e s p o n s ib le  
f o r  toughness  nave changed. Connective t i s s u e  was once thought to  be of  
prime importance (Ramsbottom § S t rand ine  1945, 1948). L a te r ,  p a r t i c u l a r l y  
dur ing  the  1960's when i t  was shown t h a t  f i b r i l l a r  s h o r ten in g  increased  
toughness  (Locker 1960, Marsh and Leet 1966, Herr ing et  a l . 1965a, 1965b, 1967, 
Davey e t  a l .  1967) th e  importance of  f i b r i l l a r  p r o t e i n s  was emphasised.   ̂ ^
Changes in  numerous animal and t r ea tm en t  v a r i a b l e s  w i l l  in f lu en c e  the  r e l a t i v e  
c o n t r ib u t io n s  to  toughness o f  t h e se  two c l a s s e s  o f  p r o t e i n s ,  and ways oi  
e s t im a t in g  any changes in  t h e i r  r e l a t i v e  c o n t r i b u t i o n s  a re  s o u g h t - a f t e r .  To 
t h i s  end a number o f  d i f f e r e n t  mechanical  measurements has been made and the  
e f f e c t s  o f  cooking tem pera tu re  and t ime,  and o f  p o s t - s l a u g h t e r  t r e a tm e n t s  such 
as ageing and s t r e t c h i n g  muscles on th e se  measurements have been examined. 
S t r e t c h in g  was achieved by changing th e  normal method o f  ca rca se  suspension .

Exper im en ta l :
Tenderness measurements were made us ing  two in s t ru m e n ts ,  a Warner- 

B r a t z l e r  shear  appara tus  and an In s t r o n  Universa l  Tes t ing  Machine.

W arner -Bra tz le r  (WB) shea r  va lues  were determined with th e  c u t t i n g  
b lade  o f  the  ins t rum ent  p e r p e n d ic u la r  to  muscle f i b r e  d i r e c t i o n ,  on samples with 
a r e c tan g u la r ’ c r o s s - s e c t i o n  o f  1.5 x 0.67 cms.

Both th e  compressive and t e n s i l e  t e s t i n g  modes o f  th e  Ins tron^  
Universa l  T e s t in g  Machine were used .  From the  compression measurements ind ice s  
o f  th e  cohes iveness  and chewiness o f  th e  sample were ob ta ined  as fo l lows :
The work r e q u i r e d  to  i n s e r t  a 0.63 cm d iam eter  p lunge r  0.8 cm i n to  a sample 1 
t h i c k  was measured twice  in  the  same p l a c e .  The r a t i o  o f  th e  wor. req j . i icc  
the  second compression to  the  work r e q u i r e d  f o r  the  f i r s t  compression was ta  
as an index o f  cohes iveness .  The product  of  cohes iveness  and th e  work r e q u i re d  
f o r  th e  f i r s t  i n s e r t i o n  was taken  as an index o f  chewiness.

T en s i le  s t r e n g t h  measurements were made with th e  muscle f i b r e s  
ly in g  both in and a t  r ight,  angles  to  th e  d i r e c t i o n  of  t e n s i o n .  The va lues  
ob ta ined  a re  r e f e r r e d  to  as f i b r e  s t r e n g t h  and f i b r e  adhesion va lues  r e s p e c t iv e  
For bo th  measurements s t r i p s  o f  1.5 x 0.67 cm c r o s s - s e c t i o n  were cu t  and these  
were used w i thout  f u r t h e r  m o d i f i c a t io n  f o r  f i b r e  adhesion measurements u ere  
f i b r e s  were p e rp e n d ic u la r  to  t h e  two faces  o f  g r e a t e s t  a re a .  For f i b r e  s t r e n 0 
measurements, the  s t r i p s  were cu t  to  a dumb-bell shape with c r o s s - s e c t i c n a  
a rea  i n  the  middle r e g io n  of  0.44 sq.  cm. Without t h i s  m o d i f i c a t io n  th e se  
samples,  when s t r e s s e d ,  f r e q u e n t ly  y i e ld e d  a t  the  clamping jaws of  the  machine-

Samples, u s u a l l y  o f  200 gms, were cooked in  t h e i r  own j u i c e  in 
p o ly e th y len e  bags in  a t e m p e r a t u r e - c o n t r o l l e d  water  b a th .  The h igh  speed 
c e n t r i f u g a t i o n  method o f  Akroyd r e p o r t e d  by Bouton e t  a l . (1971) was used to  
e s t im a te  e x p r e s s i b l e  j u i c e .  Samples t o  be aged were s ea le d  in  f l e x i b l e  f i lm  
pouches and h e ld  a t  0° - 1 C t o r  2 and 4 weeks.

102



\

results and discussion

Effect of cooking temperature and time:
The observed e f f e c t s  o f  h ea t  a re  commonly i n t e r p r e t e d  in  terms of  

a s o f t e n in g  o f  connec t ive  t i s s u e  as a r e s u l t  o f  the  convers ion of  c o l lagen  to  
g e l a t i n  and toughening  o f  m y o f i b r i l l a r  p r o t e i n s  as they  sh r ink  and coagu la te .

Table 1 shows th e  e f f e c t  on some mechanical  paramete rs  of  va r ious  
combinations  o f  tempera ture  and t ime o f  cooking. There were no la rg e  d i f f e r e n c e s  
between samples cooked f o r  t imes between 0.5 and 4 hours ,  and none o f  the  
changes were s i g n i f i c a n t  f o r  the  young an imals .

TABLE 1

E f f e c t  on chewiness and WB* shear  va lues  o f  cooking vea l  and bee f  (deep 
p e c t o r a l  muscle) f o r  va r io u s  t imes and a t  va r ious  tempera tures

Animal
Age

Cooking
Temp.
(0°C)

Mechanical
Parameter

Cooking t ime in  hours

0 h 1 2 4

Veal 50
Chewiness 2 .14a 3 .61b 3.96b 3 . 73b -

WB Shear 41 .0a 49. La 46 .3a 42 .5a -

Veal 60
Chewiness 2.51a 0.89b 0.94b 0.98b -

WB Shear 43 .2a 2 0 .9b 2 0 .7b 2 0 .5b -

Veal 70
Chewiness 2.23a 1.62b 1.64b 1.65b -

WB Shear 36 .4a 18 .4b 1 8 .6b 1 8 .9b - íi--------------- j

2-3 y ea r 50
Chewiness 1.61a 2 32b 2.48b 3.06° 3 .37C 1

WB Shear 29 .8a 3 0 .2 a 28.9a 3 9 . 0b 3 6 .3b

2-3 year 60
Chewiness

p
1.61 2.28b 2.43b 2.52b 2 . 02b

W7B Shear 29 .8a 27 .4a 25.5a 28 .7a 25.3a

a , b ,  c - Change o f  s u p e r s c r i p t  i n d i c a t e s  the  d i f f e r e n c e  between va lues  i s  
s i g n i f i c a n t .

WB* _ W arner-Bra tz le r .

From Table 2 i t  i s  seen t h a t  a t  70°C a cooking t ime o f  more than 
8 hours  was re q u i r e d  b e fo re  l a rg e  changes were produced in  chewiness,  f i b r e  
adhesion o f  WB shea r  v a lu e s .
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TABLE 2
E f fe c t s  o f  cooking b e e f  b iceps  femoris  muscle f o r  t imes up to  16 

hours a t  70°C on chewiness,  adhesion and WB shear  va lues

Mechanical Parameter Cooking time in  hours

1 2 3
8 16

Chewiness 2 .50a 2 .55a 2 . 03U 1.95b 1.28°

Fibre  adhesion 1.14 a 0 . 84a 0 .95a 0 .89a 0.48b

WB Shear 35. l a 3 5 . 8a 3 7 . 6a 3 2 . 7a 27. l b

a b,  c - Change of  s u p e r s c r i p t  i n d i c a t e s  the  d i f f e r e n c e  between va lues  i s  
s i g n i f i c a n t .

Therefore  a t  cooking tempera tures*up to  70°C d i f f e r e n c e s  in  h ea t in g -  
up t ime as a r e s u l t  o f  small  v a r i a t i o n s  in  sample shape w i l l  have l i t t l e  
e f f e c t  on th e se  v a lu e s .  The e f f e c t s  produced by cooking samples a t  90°C were 
much more dependent on cooking t ime ,  as i s  shown in  Fig .  1.
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FIG. 1. E f f e c t  of  cooking a t  90°C f o r  v a r io u s  t imes on chewiness and
f i b r e  adhesion  va lues  o f  deep p e c t o r a l  anci b iceps  femoiis  muscle 
samples.  (The r e s u l t s  f o r  both  muscles were s i m i l a r  and have 
been combined.)

Changes o f  cooking tem pera tu re  over the  range 40-75°C r e s u l t e d  in 
l a r g e  changes in  chewiness and f i b r e  adhesion va lues  (Fig.  2 ) ,  and in  cooking 
lo s s  and th e  amount o f  c e n t r i f u g a l l y  expressed  j u i c e  (F ig .  3) .
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FIG. 2. E f f e c t  o f  cooking deep p e c to r a l  and b iceps  femoris muscle samples 
from animals o f  v a r io u s  ages ,  a t  40°,  50°,  60° and 75°C f o r  1 hour 
on chewiness and f i b r e  adhesion v a lu e s .  The r e s u l t s  f o r  both 
muscles were s i m i l a r  and have been combined.

Veal 2-3 yr old steers

FlG. 3. Changes in % Cooking Loss, % Expressed J u i c e  and % Tota l  J u ic e  Loss 
f o r  deep p e c t o r a l  muscles from veal  and 2-3 year  o ld  s t e e r s  cooked 
f o r  an hour a t  40°,  50°,  60°,  70°, 80° and 90°C.

Genera l ly ,  f o r  t em pera tu res  up to  50°C, chewiness and f i b r e  adhesion va lues  
were  g r e a t e r  the  h ig h e r  the  cooking tem pera tu re .  The e f f e c t s  on th e se  
va lues  o f  changing the  cooking temperature  from 50° to  60° were dependent on
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animal age.  For the  younger animals chewiness and f i b r e  adhesion va lues  both 
decreased  s i g n i f i c a n t l y ,  whereas f o r  th e  5-7 year  o ld  cows chewiness va lues  
in c reased  s i g n i f i c a n t l y  and changes in  f i b r e  adhesion va lues  were not s ig n i f i c a n t -  
These ob se rv a t io n s  a re  c o n s i s t e n t  with the  observed s o f t e n in g  and s o l u b i l i s a t i o n  
o f  co l lagen  from young animals t h a t  occurs a t  tem pera tu res  near  60°C, and with 
the  g r e a t e r  s t a b i l i t y  to  hea t  o f  co l lag en  from o ld e r  animals (Goll e t  a l .
1964a, 1964b; H i l l  1966).

S i g n i f i c a n t  i n c r e a s e s  in  some chewiness and f i b r e  adhesion va lues  
when cooking tempera ture  was changed from 60° to  75°C were probab ly  a s s o c ia t e d  
with  f i b r i l l a r  shr inkage which has been re p o r t e d  to  i n c re a s e  in  t h i s  temperature  
range (Giles  1969).

I f  th e  presumption i s  c o r r e c t  t h a t  f i b r e  adhesion va lues  were 
re spons ive  mainly to  change in  the  s t r e n g t h  of the  connec t ive  t i s s u e ,  then 
th e  r e s u l t s  o f  th e se  measurements sugges t  t h a t  connec t ive  t i s s u e  was e f f e c t i v e l y  
s t reng thened  by some h ea t  t r e a tm e n t s .  I t  i s  no ted  t h a t  where cooking lo s se s  
occur ,  any in c r e a s e s  in  f i b r e  adhesion va lues  may be due in  p a r t  to  an in c rease  
in  th e  amount o f  s t r u c t u r a l  m a te r i a l  in  the  t e s t  samples.

P o s t - s l au g h te r  t r e a t m e n t s :
P o s t - s l a u g h t e r  t r e a tm e n ts  s tu d i e d  were ageing and the  e f f e c t  o f  

hanging ca rcases  in  d i f f e r e n t  p o s i t i o n s  u n t i l  r i g o r  m or t i s  had developed.

Bouton and H a r r i s  (unpubli shed work) found t h a t  the  longissimus 
d o r s i  (LD) muscle t e n d e r i s e s  to  a much g r e a t e r  e x te n t  with ageing than does 
th e  semimembranosus (SM) muscle.  An experiment u s ing  the  LD and SM muscles 
from e ig h t  2-5 y ea r  o ld  s t e e r s  was designed to  i n v e s t i g a t e  whether changes in  
shea r  and f i b r e  s t r e n g t h  va lues  with ageing were r e l a t e d  to  changes in  adhesion 
between the  f i b r e s .  The r e s u l t s  f o r  samples cooked a t  90°C where s h o r ten in g  is  
expected to  be pronounced a re  shown in  Fig .  4 and f o r  samples cooked a t  60°C 
where muscle sh o r te n in g  i s  s l i g h t  (Giles  1969) a re  shown in  Fig.  5.

WEEKS AGED

FIG. 4. Changes in f i b r e  s t r e n g t h ,  f i b r e  adhesion and WB shea r  va lues  o f  
2-3 yea r  o ld  b e e f  semimembranosus (SM) and longiss imus  d o r s i  
(LD) muscle samples aged a t  0 -1 °C f o r  up to  6 weeks and then cooke 
a t  90°C f o r  90 minutes .

1 0 0 ,



FIG. 5. Changes in  f i b r e  s t r e n g th  and f i b r e  adhesion va lues  o f  samples of  
semimembranosus (SM) and longissimus d o r s i  (LD) muscles aged a t  
0 -1 °C f o r  up to  6 weeks and then cooked a t  60°C f o r  90 minutes .

These f i g u r e s  show t h a t :

(a) The LD muscle t e n d e r i s e d  more r a p i d l y  than the  SM muscle whether 
a s se ssed  by shear  fo rce  o r  f i b r e  s t r e n g t h .

00 There was no s i g n i f i c a n t  change in  f i b r e  adhesion va lues  over  the  
f u l l  ageing p e r io d  even though l a rg e  changes in  f i b r e  s t r e n g t h  
va lues  occurred .

(c) The SN i muscle had h ighe r  f i b r e  adhesion va lues  than the  LD muscle.

(d) The f i b r e  s t r e n g t h  was g r e a t e r  in the  samples cooked a t  90°C than 
in  those  cooked a t  60°C.

In an exper iment  combining the  e f f e c t  o f  hanging p o s i t i o n  with t h a t  
° f  ageing ,  s i x  5-7 y ea r  o ld  cows and s ix  2-3 year  old  s t e e r s  were used.  
Following s l a u g h t e r  and d r e s s in g ,  one s id e  o f  each ca rcase  was hung in  the  
convent ional  manner from the  A c h i l l e s  tendon while  the  o th e r  s id e  was hung 
from the  o b t u r a t o r  foramen ( H o s t e t l e r  e t  a l . 1970a, 1970b), in  o rde r  to  
s t r e t c h  th e  SM and LD muscles.  These muscles were removed from the  carcases  
p o s t  r i g o r  and the  r e s u l t s  o f  measurements made on them a f t e r  va r ious  p e r iods  
o f  ageing  can be summarised as fo l lows :

(a) Chewiness va lues  showed h igh ly  s i g n i f i c a n t  (P < 0.001) decreases  
fo l lowing  e i t h e r  s t r e t c h i n g  or ageing.

(b) WB Shear measurements showed h igh ly  s i g n i f i c a n t  (P < 0.001) decreases  
due to  ageing or  s t r e t c h i n g .  Ageing e f f e c t s  in the  LD muscle were 
more pronounced than in  the  SM muscle r e g a r d l e s s  o f  whether the  muscle 
was s t r e t c h e d  o r  no t  - see Fig .  6.
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(c) There was no s i g n i f i c a n t  change in  f i b r e  adhesion va lues  with ageing.

(d) S t r e t c h in g  s i g n i f i c a n t l y  (P < 0.001) decreased  f i b r e  adhesion va lues  
f o r  both  muscles.

(e) The meat from o ld e r  animals had s i g n i f i c a n t l y  h ig h e r  f i b r e  adhesion 
va lues  and th e se  d i f f e r e n c e s  were more pronounced fo l lowing  cooking 
a t  the  h ig h e r  tem pera tu re .

(f )  The SM muscle had h ig h e r  f i b r e  adhesion va lues  than the  LD muscle.

(g) S t r e t c h in g  gave a t enderness  eq u iv a len t  to  about 2 weeks o f  ageing 
o f  the  muscles from c o n ven t iona l ly  suspended c a r ca se s .

o— oNormal SM A A  Normal LD 
®— «Stretched SM * — a Stretched LD

0 2 A  u *
WEEKS AGED WEEKS AGED

FIG. 6. Comparison o f  th e  e f f e c t s  of  ageing on WB shear  va lues  o f
longiss imus  d o r s i  (LD) and semimembranosus (SM) muscle samples 
from animals hung from the  A c h i l l e s  tendon and from the  
o b t u r a t o r  foramen ( s t r e t c h e d ) .
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