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THE INFLUENCE OF SEVERAL PHYSICAL AND CHEMICAL 

PROPERTIES OF MEAT ON TENDERNESS

W.A. G il I is  and W.R. Usborne 
U n iv e rs ity  o f Guelph, Guelph, O n ta rio , Canada

In troduction

Considerab le research  has been d irected  towards the study o f severa l 
physica l and chemical p ro p e rtie s  o f muscle as they re la te  to  meat tenderness. 
I t  is  known th a t fa c to rs  such as muscle f ib e r  d iam eter, degree o f co n tractio n  
and d is to r t io n  asso cia ted  w ith r ig o r  m o rtis , amount and m olecular nature of 
co lla g e n , f a t  content and degree of a u to ly s is  a l l  co n trib u te  to the v a r ia t io n  
associa ted  w ith meat tenderness.

Confounded w ith the many complex p ro p e rtie s  in flu e n c in g  tenderness 
is  the method of a ssess in g  tenderness i t s e l f .  Several o b je c t iv e  and sub
je c t iv e  techniques are  a v a i la b le , but in each case the techniques are 
g e n e ra lly  not considered to  be very p re c ise  and are su b ject to  considerab le  
v a r ia t io n . Hence, an accu rate  p a r t it io n in g  of the va rian ce  associated  w ith 
tenderness has been very d i f f i c u l t  in l ig h t  of the m u lt i- v a r ia te  in fluence  
on tenderness and the r e la t iv e ly  poor methods o f measuring tenderness per s e .

Research fin d in g s  in d ica tin g  the re la t io n s h ip s  th a t have been found 
between severa l physica l and chemical p ro p e rtie s  of muscle w ith tenderness 
are  showri in Table I .

I t  was the o b je c t iv e  of t h is  study to  estim ate the re la t iv e  
in flu en ce  o f severa l chemical and physica l p ro p e rtie s  of muscle on tender
ness in a comprehensive manner, whereby severa l fa c to rs  were studied in 
re la t io n  to  each o ther and in re la t io n  to  tenderness.

Experiments I

Rib ro a sts  (6 , 7 , 8th r ib s )  from 99 Hereford s te e rs  of approxim ately 
the same age and weight were used. The s te e rs  were on s l ig h t ly  d if fe re n t  
feeding regimes and were housed under d if fe re n t  co n d it io n s ; however, a l l  
s te e rs  were slaughtered a t approxim ately 454 kg. l iv e  w eight. A fte r  
s la u g h te r , a l l  ca rca sse s  were aged fo r  48 hours, r ib  se c tio n s removed, 
vacuum packaged and immediately frozen (0 °C ) . The ro asts  were stored 
frozen fo r  a period ranging from one to  th ree  months. A fte r  approxim ately 
a 12 hour thawing period a t room tem perature , the ro a sts  were d ivided 
into th ree  3 cm. s te a k s . The longissim us dorsi muscle was removed from 
each s te a k , as t h is  was the on ly  muscle stu d ied . Steak one was used fo r 
h is to lo g ic a l and chemical a n a ly s is .  Steak two was used fo r  su b je c tiv e  
tenderness e v a lu a t io n . Steak th ree  was used fo r  o b je c t iv e  tenderness 
ev a lu a t io n .

H is to lo g ica l a n a ly s is

Three 1.27 cm. co res were taken from the longissim us dorsi muscle 
in steak  one. The cores were then fixe d  in a lO ^ Torm aTTrTT ixative  fo r  
a+ le a s t  one week. The remainder o f the longissim us dorsi muscle in



TABLE I .  THE RELATIONSHIP OF SEVERAL PHYSICAL AND CHEMICAL PROPERTIES 
OF MUSCLE WITH TENDERNESS

(684)

Muscle Property CorreI a t io n (s ) Specie In v e s t ig a to r (s )

F ib re  diameter .31 - .75 bovine Hiner e t a 1 . ,  1953

.34 bov i ne Herring e t a l . ,  1965

- .3 5 ov i ne Cross e t a l . ,  1972

Sarcomere length - .2 8 bovine Herring e t al . ,  1965

.54 ovine Cross e t a 1 . ,  1972

- .0 6 porc i ne S tan ley  e t a l . ,  1971

F ib e r e x te n s ib i1it y .36 bov i ne Wang e t a l . ,  1956

Collagen nitrogen .56 bovine Macintosh e t a l . ,  1936

Hydroxyproline - .8 4 bov i ne P a rr ish  e t a l . ,  1962

Collagen content .02 ovine Cross e t a l . ,  1972

Solub le col lagen % .17 ovine Cross e t a 1 . ,  1972

Marb1i ng - .12 bov i ne Go II  e t  a 1 . ,  1965

- .2 2 bovi ne Cöver e t a 1 . ,  1956

.47 bovine Deatherage and Reiman, 1 -

Carcass fa t - .2 5 bov i ne Cover e t a 1 . ,  1956

Ether e x t ra c t .27 ovine Cross e t a l . ,  1972

Firm ness of lean .21 bov i ne Cover e t a l . ,  1956

M oisture content .03 bov i ne Go 1 1 e t a 1 . ,  1965

- .0 2 ovine Cross e t a 1 . ,  1972

A lk a l i  in so lu b le  p ro te in  % - .8 8 bovi ne Deatherage and Reiman, 1-

!
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-steak one was ground and homogenized fo r  chemical a n a ly s is .  A fte r  
f ix a t io n , the samples were analyzed fo r  f ib re  d iam eter, sarcomere 
length and degree of f ib re  d is to r t io n  according to  the technique 
o u tlin ed  by G il I is  and Henrickson (1968) .  Al l  samples were measured 
under phase m icroscopy.

Chemical a n a ly s is

A ll samples were freeze  dried in a commercial f re e z e -d r ie r  
fo r  a t  le a s t 72 hours. The dried sampjes were then analyzed fo r  e ther 
e x tra c ta b le  f a t ,  p ro te in  content and hydroxyprol ine con ten t. The fa t  
determ inations were .found by washing the samples w ith e th e r in a So xle t 
apparatus fo r a period o f 48 hours. Assuming a 3 .5$  ash con ten t, p ro tein  
content was ca lcu la te d  from the d iffe re n c e  of the dried  sample and the 
fa t - f r e e  sample. Hydroxyproline content was determined according to 
the method described by Grant (1964) .

Tenderness eva lu a tio n

Steak two (lo ng iss im us d o rs i)  was cu t in to  1.27 cm. squares and 
cooked in a deep fa t  f r y e r  ad justed  to  I3 3 .4 °C . Special e f fo r t  was 
made to  un ifo rm ly cook samplies from batch to  batch , and from day to  day. 
A ll meat samples were compared to  a soybean standard by a tra in e d  ta s te  
panel (a t  le a s t 6 members per p a n e l) . The soybean standard was assumed 
to  be uniform between samples and th e re fo re  provided a good contro l when 
compared w ith the meat sam ples. The soybean standard was prepared f i r s t  
by rehydration  in bo i l ing  w ate r, b r ie f  oven drying  and a f i na l  cooking 
in the deep-fat cooker. The ta s te  panel evaluated the meat samples 
on a r e la t iv e  b as is  of tenderness d e s i r a b i l i t y  w ith the soybean standard . 
Chew count was a lso  recorded in comparison w ith the standard . A ll 
r e s u lt s  were analyzed as d iffe re n c e s  between the meat samples and the 
soybean standard .

Steak th ree  (lo ng iss im us d o rs i)  was oven roasted a t^ l47 .3 °C  
to  an in te rn a l temperatur© o f 6 7 .6 °C . A fte r  coo ling  to  l . l ° C ,  1.27 cm. 
core samples were removed. As many cores as p o ss ib le  were taken and 
ranged from 20 to  30 depending on the muscle s i z e .  The cores were 
sheared in a shearing  device equipped w ith a ch a rt re co rd er. Both the 
height and width o f each peak was measured and expressed as shear force 
and shear d u ra tio n , re s p e c t iv e ly .

P hysica l separation  and gross observation

The 9-10-1I th r i b  ro a sts  were analyzed fo r  m arb ling , separable 
lean and separab le fa t  in con junction  w ith another body composition study. 
For purposes of t h is  stu d y , these v a r ia b le s  were compared w ith tenderness 
as they may be important from a p ra c t ic a l assessment of tenderness stand
p o in t.

S t a t is t ic a l  a n a l y s i s

Means, standard d e v ia t io n s , sim ple and mul t ip le  c o rre la t io n  
c o e f f ic ie n t s  and mul t ip le  and standard p a r t ia l reg ress io n s were 
ca lcu la te d  where ap p ro p ria te .
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TABLE 2 . MEAN VALUES AND STANDARD DEVIATIONS OF VARIABLES STUDIED

V a riab le Mean Standard D eviation

R e la t iv e  tenderness 
Chew count 
Shear fo rce  (cm.)
Shear duration ( cm. )
F ib re  diam eter (y)
Sarcomere length (y)
F ib re  d is to r t io n  
Fat content {%)
Prote in content 
Hydroxyprol.ine content (mg/g) 
M arbling score 
Separable lean ( %}
Separable fa t  (%)

- .6 3 2.13
-1.17 8 .53
15.46 2.86
1 1 .88 2 .40
49.46 3.32

1 .96 .10
28 .96 8.18
42.43 5 .08
84.07 5.07

1 .49 .33
5 .23 1 .64

53.86 5.71
29.18 6 .54
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TABLE 3 . SIMPLE CORRELATION COEFFICIENTS BETWEEN TENDERNESS, PHYSICAL, CHEMICAL AND HISTOLOGICAL VALUES
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R e s u l t s  and D i s c u s s io n

On t h e  a v e r a g e ,  t h e  t a s t e  pane l found t h a t  t h e  meat sa m p le s  w ere  
s l i g h t l y  l e s s  t e n d e r  th a n  t h e  soybean  s t a n d a r d  a s  i n d i c a t e d  by t h e  
r e l a t i v e  t e n d e r n e s s  s c o r e  and chew c o u n t  ( T a b le  2 ) .  C o m p a r a t i v e l y ,  
c o n s id e r a b l y  more v a r i a t i o n  was a s s o c i a t e d  w i t h  t h e  chew c o u n t  t e c h n iq u e  
a s  compared t o  t h e  r e l a t i v e  t e n d e r n e s s  r a t i n g ;  h o w e v e r ,  t h e  tw o  methods 
w ere  s i g n i f i c a n t l y  (P  < . 0 I )  c o r r e l a t e d  ( r  = . 6 6 )  a s  shown in  T a b le  3 .
Bo th  s h e a r  f o r c e  and s h e a r  d u r a t io n  v a r i e d  in  s i m i l a r  d i r e c t i o n s  t o  a 
v e r y  h ig h  d e g re e  ( r  = . 9 0 ) .  The r e l a t i o n s h i p  o f  t h e  s u b j e c t i v e  t e c h n iq u e s  
w i t h  t h e  o b j e c t i v e  t e c h n iq u e s  was v e r y  lo w , and w i t h  t h e  e x c e p t io n  o f  
chew c o u n t  w i t h  s h e a r  d u r a t i o n ,  d id  n o t  s i g n i f i c a n t l y  d i f f e r  from  z e r o  
a t  P < .0 5 .

The o n l y  p r o p e r t y  o f  m u s c le  s t u d ie d  t h a t  was r e m o te ly  r e l a t e d ,  
on a l i n e a r  b a s i s ,  t o  any  o f  t h e  m e a su re s  o f  t e n d e r n e s s  was f a t  c o n t e n t  
and f i b r e  d i a m e t e r .  In te rm s  o f  i n t e r r e l a t i o n s h i p s  o f  t h e  m u sc le  p r o p e r t i e s  
s t u d i e d ,  a l l  r e l a t i o n s h i p s  found t h a t  were  s i g n i f i c a n t  w ere  o f  low v a l u e .

N e i t h e r  o f  t h e  s u b j e c t i v e  methods used f o r  t h e  a s s e s s m e n t  o f  t e n d e r 
n e s s  w ere  s i g n i f i c a n t l y  r e l a t e d  t o  t h e  m u sc le  p r o p e r t i e s  m easured  ( T a b le  4 ) .  
H ow eve r , s i g n i f i c a n t  r e l a t i o n s h i p s  w ere  found between s h e a r  f o r c e  w i t h  t h e  
m u s c le  p r o p e r t i e s  w i t h  a r e s u l t i n g  t o t a l  r e d u c t io n  in  sum o f  s q u a re s  o f  
t h e  o r d e r  o f  1 3 .9 3 #  (P  < . 0 I ) .  Somewhat lo w e r  r e l a t i o n s h i p s  w ere  found 
when s h e a r  d u r a t io n  was compared w i t h  t h e  m u s c le  p r o p e r t i e s .  Bo th  o b j e c t 
i v e  m eth o d s , s h e a r  f o r c e  and s h e a r  d u r a t i o n ,  w ere  c o r r e l a t e d  w i t h  t h e  
com bined m u s c le  p r o p e r t i e s  t o  an a p p r e c i a b l y  h ig h e r  d e g re e  th a n  e i t h e r  
o f  t h e  s u b j e c t i v e  m e th o d s , r e l a t i v e  t e n d e r n e s s  and chew c o u n t .

In an e f f o r t  t o  i n c r e a s e  t h e  p r e c i s i o n  o f  t e n d e r n e s s  a s s e s s m e n t ,  
both  s u b j e c t i v e  and both  o b j e c t i v e  methods w ere  combined in d e p e n d e n t ly  
and in  t o t a l  ( T a b le  5 ) .  F o r  t h e  combined two s u b j e c t i v e  m eth o d s , a 
d e c r e a s e  in  t h e  r e d u c t io n  o f  sum o f  s q u a r e s  a c c o u n t a b le  from  t h e  s i x  
m u s c le  p r o p e r t i e s  r e s u l t e d ,  a s  compared t o  t h e  u se  o f  e i t h e r  r e l a t i v e  
t e n d e r n e s s  o r  chew c o u n t  s e p a r a t e l y .  The com bined o b j e c t i v e  t e c h n iq u e s  
r e s u l t e d  in  an a p p r e c i a b l y  g r e a t e r  r e d u c t io n  in  sum o f  s q u a r e s  a s  
compared t o  t h e  s u b j e c t i v e  t e c h n i q u e s ,  bu t  s t i l l  lo w e r  t h a n  when 
s h e a r  f o r c e  was used a lo n e .  When both s u b j e c t i v e  and o b j e c t i v e  t e c h n iq u e s  
w ere  c o n s id e r e d  in  t o t a l ,  t h e  r e d u c t io n  in  sum o f  s q u a r e s  f e l l  between 
t h a t  found f o r  e i t h e r  t e c h n iq u e  when c o n s id e r e d  s e p a r a t e l y .

F i b r e  d ia m e t e r  was t h e  most im p o r ta n t  v a r i a b l e  o f  t h o s e  s t u d ie d  
in  r e g a r d s  t o  r e d u c t io n  in  sum o f  s q u a re s  a s s o c i a t e d  w i t h  r e l a t i v e  ten d e r  
n e s s .  No o t h e r  s i g n i f i c a n t  e f f e c t s  w ere  found f o r  t h i s  v a r i a b l e  o r  f o r  
chew c o u n t .  F a t  c o n t e n t  a c c o u n te d  f o r  t h e  h ig h e s t  p r o p o r t io n  o f  s h e a r  
f o r c e  sum o f  s q u a r e s  f o l lo w e d  by f i b e r  d i a m e t e r .  L i k e w i s e ,  f a t  c o n t e n t  
was t h e  g r e a t e s t  c o n t r i b u t i n g  e f f e c t  in  r e g a r d s  t o  s h e a r  d u r a t i o n .  The 
r e s u l t s  o f  C r o s s  e t  a l .  ( 1 9 7 2 ) ,  where a s i m i l a r  s t u d y  was co n d u c te d  
w i t h  lam b, i n d i c a t e  t h a t  t h e r e  i s  no c o n s i s t e n t  p a t t e r n  f o r  s e v e r a l  
d i f f e r e n t  m u s c le s  r e g a r d in g  t h e  r e l a t i o n s h i p  between s e v e r a l  m u sc le  
p r o p e r t i e s  and t e n d e r n e s s .  F o r  t h e  v a s t u s  l a t e r a l i s  m u s c le s ,  s i g n i f i c a n t  
e f f e c t s  w ere  found f o r  f i b e r  d ia m e t e r  and f a t  c o n t e n t .  In c o n t r a s t ,  no 
s i g n i f i c a n t  e f f e c t s  w ere  found  f o r  t h e  b ic e p s  f e m o r i s  r i u s c l e .  T h e se  
w o r k e r s  o b t a in e d  a ran g e  o f  R x  100 v a I u e s  o f  2 2 .8 #  f o r  t h e  b ic e p s  f e m o r i s
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m u sc le  +o 46 .8%  f o r  t h e  v a s t u s  l a t e r a l i s , ,  The R x  100 v a lu e s  o b ta in e d  
in  t h i s  s t u d y  w ere  c o n s id e r a b l y  lo w e r  (R  = 1 4 .7 3 $ ) .  I t  can  be g e n e r a l l y  
c o n c lu d e d  t h a t  t h e  m u sc le  p r o p e r t i e s  exam ined  in  t h i s  s t u d y  p la y  o n l y  
a m in o r  r o l e  in  t h e  u l t r i m a t e  d e t e r m in a t io n  o f  b o v in e  lo n g i s s im u s  d o r s i  
t e n d e r n e s s .  The v e r y  s m a l l  p r o p o r t io n  o f  t h e  sum o f  s q u a re s  a s s o c i a t e d  
w i t h  t e n d e r n e s s  a c c o u n te d  f o r  by t h e  m u sc le  p r o p e r t i e s  s t u d ie d  i s  d i f f i c u l t  
t o  e x p l a i n .  F i r s t ,  t h e  f o u r  m ethods o f  a s s e s s m e n t  o f  t e n d e r n e s s  may no t 
have  been s u f f i c i e n t l y  p r e c i s e  t o  d e t e c t  r e l a t i o n s h i p s  t h a t  may e x i s t  
w i t h  t h e  m u sc le  p r o p e r t i e s .  S e c o n d ly ,  t h e  m ethods o f  a n a l y s i s  o f  t h e  
m u sc le  p r o p e r t i e s  may n o t  have  been a c c u r a t e  en ou g h , a n d ,  t h i r d l y ,  and 
most l i k e l y ,  t h e r e  a r e  o t h e r  f a c t o r s  in  a d d i t i o n  t o  t h o s e  s t u d ie d  t h a t  
i n f l u e n c e  t e n d e r n e s s .  The t h i r d  p o s t u l a t i o n  r a i s e s  t h e  q u e s t io n  o f  what 
t h e s e  f a c t o r s  a r e ?  The f i n d i n g s  o f  t h i s  s t u d y  and o t h e r s  s u p p o r t  t h e  
need f o r  more c o m p re h e n s iv e  r e s e a r c h  on t h i s  s u b j e c t .
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