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INTRODUCTION

•ur
" To most consumers, tenderness of meat is its most important quality

attribute. The meat industry has endeavored to respond and supply meat of 
improved tenderness. Among these efforts have been breeding programs, where 
selection for tenderness has been a criterion, and management and feeding 
practices where more finish is placed on cattle in an effort to improve 
eating quality.

In recent years research to develop a better understanding of tenderness 
has been very active in many laboratories. The subject is complex and sever- 
al factors appear to be involved.

The purpose of the work reported here was, not to get involved in study
ing the underlying factors responsible for relative tenderness or toughness, 
hut through an empirical approach, develop a simple rapid non-destructive test 
for tenderness. Ideally this test should work on raw meat and be applicable 
at the carcass level. It could then be used in a slaughtering plant cooler 
to select beef for a guaranteed naturally tender marketing program.

EXPERIMENTAL METHODS

The rationale adopted at the onset of this work was to concentrate on 
studying the possibility of finding a practical physical test. It was hoped 
that some measure taken on the raw meat would predict the tenderness found 
after the meat was cooked. However, as pointed out in the review by Szczesuiak 
(1965) attempts to relate Warner-Bratzler shears on raw meat to those obtained 
after cooking have resulted in low or in non-significant correlation coefticients.

The tirst step in this research, therefore, was to investigate the possi
bility of a number of approaches for making a physical test on raw meat to pre
dict tenderness after cooking. An Instron Universal Testing Machine was used.
This permitted the study of a number of different test probes and also different 
test approaches. Two groups of probes were evaluated-. The first group of 
probes and devices is shown in Figures 1 and 2. These were intended to be used 
°n small meat samples, l"xl"xl/2" in size. The fibers ran parallel to a one- 
inch side. These small meat samples were sawed from frozen muscles, allowed to 
thaw at 35°-40°F and tested while at this temperature. The large blunt penetra
tion probe shown at the top in Figure 1 was driven into the 1/2" thick meat 
samples to a clearance of 0.015" from the flat steel base on which the sample 
rcsted. The flat surfaced compression probe, shown second from the top in 
figure 1, was run down into the sample to a clearance of 0.065". Shearing of 
the l"xl"xl/2" samples was done with the inverted V blade shown third from the 
toP in Figure 1. The angle of the V and the cutting edge were similar to that 
°i the blade in the Warner-Bratzler shear machine. A device attempting to get' 
a composite measure of penetration compression and shear is shown in Figure 2.
The l"xl"xl/2" samples were placed straddling the bottom of the trough and the 
blunt wedge shaped member came down across the fibers to a clearance of 0.050" 
frcim the bottom.
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Sample holder for shear measurements

F ig u re  1.  P robes  used  in  I n s t r o n  
U n iv e r s a l  T e s t i n g  Machine f o r  
making measurements on sm a l l  raw 
meat  samples .

Va "  diam. rods mounted 
firmly in base and serving 
as guides for vertical 
movements of upper member.

Figure 2. "Wedge Block" device used in 
Instron Universal Testing Machine on 
small raw meat samples.

In testing of all the above probes, the Instron Machine was set to drive 
the probes at a speed of 10 inches per minute. To insure that there was a 
spread in the range of tenderness to toughness in the samples tested, five 
different muscles from a total of nine carcasses were used.



The second group of  p roves  a r e  shown i n  F ig u re  3. These were i n t e n d e d  f o r  
p e n e t r a t i o n  i n t o  a l a r g e r  muscle  mass.  The muscle p i e c e s  used  w i th  t h e s e  p robes  
were 3 o r  more in c h e s  t h i c k .  Dur ing  t e s t i n g  they  were r e t a i n e d  in  a clamp type

p e n e t r a t i o n .  Hold ing  in  t h i s  manner was found n e c e s s a r y  i n  o r d e r  to  g e t  r e p r o -

and th e  o t h e r  p robes  were run  in  f o r  a d i s t a n c e  of  two in c h e s  from th e  s u r f a c e .

v e r e  two rows one in c h  a p a r t  w i th  t h e  n e e d l e s  3 /4"  a p a r t  i n  t h e  row. This  probe  
i s  shown i n  F ig u re  4. I t  was f i r s t  t e s t e d  u s in g  th e  I n s t r o n  T e s t i n g  Machine to  
f o r c e  t h e  probe  two in c h e s  i n t o  musc le  samples r e t a i n e d  in  a h o l d e r .  L a t e r  a 
s i m i l a r  t e n  n e e d l e  probe  was mounted on a s t r a i n  gauge t r a n s d u c e r  assembly  which 
in  t u r n  was connec ted  by a c a b l e  to  a b a t t e r y  o p e r a t e d  e l e c t r o n i c  r e a d - o u t  i n s t r u 
ment.  Th is  Tenderometer  i n s t r u m e n t  was used  on th e  exposed r i b  eye s u r f a c e  of  
beef  c a r c a s s e s .  The probe  was pushed in  manua l ly .

W a r n e r - B r a t z l e r  s h e a r  t e s t s  were made on cooked samples a t  a number of  s t a g e s  
111 th e  c o u r s e  of  t h i s  s tu d y .  The meat  samples were f i r s t  c u t  i n t o  tw o - in c h  thick,  
s l i c e s .  These were r o a s t e d  i n  a 350°F oven to  150 'F  i n t e r n a l .  The r o a s t e d  meat 
Was c h i l l e d  to  abou t  40°F b e f o r e  c u t t i n g  o u t  t h e  o n e - i n c h  c o re s  f o r  s h e a r i n g .

h o l d e r .  This  p r e v e n t e d  d e fo rm a t io n  and l a t e r a l  push ing  ou t  o f  t h e  sample d u r ing

d u c i b l e  measurements .  The f i r m n e s s  b a l l  was pushed i n t o  t h e  sample f o r  one inch

NEEDLE

C
2 a-------- ^ ---- 1 V i -

SMALL BLUNT
£ § 3 ____ r ^ i  t f a l  r ^ i  r ^ i

— csx TCT------- - p -----1

FIRMNESS BALL

VS" Diam T

F ig u re  3. P robes  used  in  I n s t r o n  F ig u r e  4. M u l t i p l e  n e e d l e  p robe .
U n iv e r s a l  T e s t i n g  Machine f o r  
making p e n e t r a t i o n  r e s i s t a n c e  
measurements  i n t o  l a r g e r  muscle 
samples .

R e s u l t s  from t e s t i n g  t h i s  second group of  p robes  i n d i c a t e d  t h a t  th e  1 /3"  
d ia m e te r  n e e d l e  shaped probe  had th e  most p rom ise .  I t  was t h e r e f o r e  i n c o r p o r a t e d  
i n t o  a t e n  n e e d l e  probe  where t h e  t e n  n e e d l e s  were mounted on a p l a t e .  There  •
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RESULTS

(XyO'

The f i r s t  t e s t i n g  of  t h e  f i r s t  group of  p robes  shown i n  F ig u r e  i  and 2 was 
to  d e t e rm in e  t h e  r e p e a t a b i l i t y  of  i n d i v i d u a l  r e p l i c a t e d  measurements  t a k e n  on 
samples from t h e  same m usc le .  These r e s u l t s  a r e  summarized i n  Tab le  I .  They 
show t h a t  a l l  f o u r  p robe  d e v i c e s  used i n  t h e  I n s t r o n  gave l e s s  v a r i a t i o n  among 
r e p l i c a t e s  th a n  th e  W a r n e r - B r a t z l e r  s h e a r  t e s t .  The l a s t  two columns of  Tab le  
were o b t a i n e d  by u s in g  a fo rm ula  from Snedecor (1946) f o r  c a l c u l a t i n g  r e q u i r e d

t  ̂  s ̂sample s i z e .  The fo rm ula  was N = 2 • The s m a l l e r  v a r i a t i o n  w i th  the

p robes  used i n  t h e  I n s t r o n  r e s u l t e d  i n  s m a l l e r  sample s i z e s  r e q u i r e d  to  o b t a i n  
a g iv e n  l e v e l  of  p r e c i s i o n .

Tab le  I .  V a r i a b i l i t y  of  Readings  and Sample S ize  R equ i rem en ts .  
(Semimembranosus)

Number of  Readings  
Required  to  g e t  a 
Mean Value W i th in  

E i t h e r  10 or  25% of 
a True P o p u l a t i o n  Value

n x s °x c . v .  10% __  25% ___
W a r n e r - B r a t z l e r  s h e a r

on cooked 1 i n  c o re s 25 19.4 l b s . 6 .3

OCM 32.4% 42 9
W a r n e r - B r a t z l e r  s h e a r

on raw 1/2  i n  c o re s 40 8 .4 l b s . 3 .0 .95 36.3% 53 10
I n s t r o n  on l " x l " x I / 2 "  

raw samples -
P e n e t r a t i o n 50 3 .9 l b s . .98 .31 25.4% 28 6
Compression 20 22.2 l b s . 5 .6 1.77 25.2% 28 6
Shear 20 15.8 l b s . 5 .0 1 .58 31.6% 40 9
Wedge Block 20 60.8 l b s . 12 .1 3 .83 19.8% 17 5

a Standard.  e r r o r  assuming a sample s i z e  o f  t e n .

The n e x t  s t e p  was to  d e t e rm in e  how w e l l  t h e s e  p h y s i c a l  t e s t s  on raw meat 
samples c o r r e l a t e d  w i th  t e n d e r n e s s  a f t e r  cooking .  The W a r n e r - B r a t z l e r  s h e a r  on 
a cooked sample was used  as  t h e  measure of  t e n d e r n e s s  a f t e r  cooking .  At l e a s t  
t e n  s h e a r s  were o b t a i n e d  and av e ra g e d .  Ten measurements  were made w i th  each  
probe  on raw samples  and th e  r e s u l t s  a v e ra g ed .  The c o r r e l a t i o n s  o b t a i n e d  working 
w i th  a d i v e r s e  p o p u l a t i o n  of  f i v e  m usc les  ( p s o a s , l o n g i s s im u s  d o r s i , semimembra
nosus  , s e m i t e n d i n o s u s , and b i c e p s  f e m o r i s ) from n i n e  c a r c a s s e s  ( s i x  U.S. Choice 
and t h r e e  U.S. Good) a r e  summarized i n  T ab le  IT.  I t  w i l l  be n o te d  t h a t  h i g h l y  
s i g n i f i c a n t  c o r r e l a t i o n s  were found.

T ab le  I I .  C o r r e l a t i o n  of  V a r ious  P h y s i c a l  T e s t s  on Raw 
Meat w i th  Tende rness  a f t e r  Cooking.

r
2r s

y-x
C o r r e l a t i o n  of  WTa r n e r - B r a t z l e r  
Shear  on Cooked w i th :

W a r n e r - B r a t z l e r  Shear on Raw .82** .67 2.97
I n s t r o n  P e n e t r a t i o n  of  Raw .72** .51 3 .60
I n s t r o n  Compression of  Raw .83** .68 2.90
I n s t r o n  Shear  of  Raw .83** .69 2.98
I n s t r o n  Wedge Block of  Raw . 74** .54 3 .48

• k i i

P < . 0 1 ( P o p u l a t i o n c o n s i s t e d  of  45 s a m p l e s ,
5 d i f f e r e n t m usc les  from 9 c a r c a s s e s )
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The p robes  shown in  F ig u r e  3 were i n t e n d e d  f o r  t e s t i n g  i n  l a r g e r  sam ples .  
These p ro b e s ,  a s  w e l l  a s  t h e  l a r g e  b l u n t  probe  shown a t  t h e  top  of  F ig u re  1, 
were used  on t h r e e - i n c h  s e c t i o n s  from bee f  s h o r t  l o i n s .  The g rad es  were e i t h e r  
U.S. Choice or  U.S. Good. Again ,  t h e  a v e ra g e  of  t e n  i n d i v i d u a l  p e n e t r a t i o n s  
i n t o  a g iv e n  sample was used  to  p r e d i c t  t e n d e r n e s s  as. i n d i c a t e d  by Warner-  
B r a t z l e r  s h e a r  on th e  cooked mea t .  The c o r r e l a t i o n s  found i n  t h i s  more r e s t r i c 
t e d  p o p u l a t i o n  a r e  summarized i n  Tab le  I I I .  Only t h e  n e e d l e  gave a h i g h l y  s i g 
n i f i c a n t  c o r r e l a t i o n .

T ab le  I I I .  C o r r e l a t i o n  of  Probe  R e s i s t a n c e  i n t o  Raw Longiss im us 
D ors i  w i th  W a r n e r - B r a t z l e r  Shear a f t e r  Cooking.

n r s y .x
Needle 23 . 50** 3.15
Large B lun t 23 . 404*
Small B lunt 13 .002
F irm ness  B a l l 13 .36

— Shear Blade 13 .38

? P < . 0 5  **P < .0 1

Based on t h i s  s u c c e s s  w i th  t h e  i n d i v i d u a l  n e e d l e ,  th e  probe  w i th  t e n  n e e d l e s  
Was made. The f i r s t  t e s t i n g  of  th e  t e n - n e e d l e  probe  was i n  t h e  I n s t r o n  on a 
P o p u la t i o n  c o n s i s t i n g  of  t h e  f i v e  m usc les  mentioned  above.  P e n e t r a t i o n  r e s i s 
ta nce  w i th  t h i s  probe  was compared to  W a r n e r - B r a t z l e r  s h e a r  on t h e  same sample 
a f t e r  cooking .  The r e s u l t s  a r e  summarized in  th e  graph  shown i n  F ig u re  5. These 
showed a h i g h l y  s i g n i f i c a n t ,  c o r r e l a t i o n .

F ig u re  5. C o r r e l a t i o n  of  p e n e t r a t i o n  r e s i s 
t a n c e ,  as  measured  by th e  use  of  a t e n -  
n e e d l e  probe  i n  th e  I n s t r o n ,  w i th  Warner-  
B r a t z l e r  Shear on th e  same meat  a f t e r  
Cooking.

The f i n a l  s t e p  was to  i n c o r p o r a t e  th e  t e n - n e e d l e  probe  in  a p o r t a b l e  Tendero-  
Itlet e r  s u i t a b l e  f o r  making measurements  i n  a p l a n t  c o o l e r .  These measurements 
' 7ere made i n  t h e  exposed r i b  eye on th e  day a f t e r  s l a u g h t e r .  The meat t em pera-  

Ures were in  t h e  range  between 32 and 40°F.  S h o r t  l o i n s  from s e l e c t e d  c a r c a s s e s  
^ et e  e v a l u a t e d  a f t e r  ag ing  f o r  one week by a s k i l l e d  t e n d e r n e s s  p a n e l .  This  pane l  

s e l e c t e d  on t h e  b a s i s  of  i n d i v i d u a l s '  a b i l i t y  to  c o r r e c t l y  d i s c r i m i n a t e  between 
1 ^ r e n c e s  in  t e n d e r n e s s .
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The r e s u l t s  in d ic a te d  th a t  th e  U.S. g rades Good and Choice should be handled 
as s e p a ra te  p o p u la tio n s . A pparen tly  the  s o l id i f i e d  in tram u sc u la r  f a t  added to  the 
p e n e tr a t io n  r e s is ta n c e  re a d in g .

The two graphs r e l a t in g  te n d e rn ess  panel sco res  to  Tenderom eter p e n e tra tio n  
r e s is ta n c e  a re  shewn in  F ig u res  6 and 7. These r e s u l t s  show good agreem ent be
tween th e  Tenderom eter and th e  s k i l l e d  p an e l.

F ig u re  6. U.S. Choice p o p u la tio n  -  Tenderom eter measurement 
v s . pan el te n d e rn ess  sc o re .

F ig u re  7. U.S. Good P o p u la tio n  -  Tenderom eter measurement 
v s . pan el te n d e rn ess  sco re .
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W arn er-B ra tz le r sh ea r t e s t s  were a lso  made on cooked meat sam ples from th e  
lo in s .  This made p o s s ib le  th e  com parisons shown in  Table IV. The shear v a lu es  
used were o b ta in ed  by ta k in g  s ix  o ne-inch  co res and making th re e  sh ea rs  per core  
Using t h i s  number of sh ea rs  r e s u l te d  in  good agreement w ith  th e  p a n e l. However, 
the  agreem ent between Tenderom eter and sh ea r was no t as good. A pparently  both  
roechanical methods m easure p a r t  of what makes up the  o v e ra l l  im pression  of te n 
derness to  th e  judge  bu t they  do not n e c e s s a r i ly  measure th e  same f a c to r s  to  th e  
same e x te n t .

Table IV. C o rre la tio n  of T ests  fo r  Tenderness

U.S. Choice U.S. Good

Tenderom eter v s . Panel .77** .69**
Tenderom eter v s . W arn er-B ra tz le r Shear .42* .30
W arn er-B ra tz le r Shear v s . Panel .68** .70**

*
P .05

**
P .01

DISCUSSION

The aim in  t h i s  work was to  c a rry  ou t a sy s te m a tic  s tudy  of some m echanical 
aPproaches fo r  m easuring te n d e rn e ss . C arefu l q u a n t i ta t iv e  a n a ly s is  was c a r r ie d  
°u t i n c o n ju n c tio n  w ith  each s te p .

The r e s u l t s  o b ta in ed  in  t h i s  developm ent e f f o r t  dem onstrated  th a t  i t  i s  
P o ss ib le  to  f in d  a r e la t io n s h ip  between c e r ta in  p h y s ic a l t e s t s  on raw meat and 
l t s  te n d e rn ess  a f t e r  cooking. In  o rd e r to  dem onstrate  th e  r e la t io n s h ip  between 
P h y sica l t e s t  r e s u l t s  on raw meat and i t s  te n d e rn ess  a f t e r  cooking, two p ro v i-  
aic>ns must be met which a re  beyond the  problem of d esig n in g  a m echanical t e s t  

evic e  th a t  y ie ld s  s u f f i c i e n t ly  a c c u ra te  p re d ic t io n s .  The f i r s t  requ irem en t i s  
t hat a s u f f i c i e n t  number of r e p l ic a te d  measurem ents be made. This i s  n ecessa ry  
to make su re  th a t  th e  sample average w i l l  approxim ate th e  t ru e  v a lu e . The sy s
tem atic  s t r u c tu r a l  v a r ia t io n  w ith in  a g iven  m uscle in tro d u ce s  v a r ia t io n s  beyond 

P°se due s t r i c t l y  to  normal random chance measurement e r r o r s .  This in h e re n t 
s t r u c tu r a l  v a r ia c ió n  can lead  to  a w idely  d ev ian t average i f  too few measurements 
are made. Secondly, th e  p o p u la tio n  s tu d ie d  should have s u f f i c i e n t  numbers a t  the  
a x tremes. In  o th e r  words, th e re  should be a good re p re s e n ta t io n  a t  the  extrem ely  

ender end of th e  s c a le  and th e re  should be a s u f f i c i e n t  number of tough sam ples.

The Tenderom eter developed th rough th e se  e f f o r t s  w=s found capab le  of q u ick ly  
Dleasu rin g  d if f e r e n c e  in  te n d e rn e s s . The number of n eed le s  and th e i r  arrangem ent 

a l ux3" re c ta n g le  makes p o s s ib le  a r e p l ic a te d  c ro ss  s e c t io n a l  measurement of 
^enderness of th e  r ib  eye. The s iz e  and economic im portance of the  long issim us 
-d irs i makes th i s  measurement s ig n i f ic a n t  in  i t s e l f .  However, work by Knutson 

:  -§.!• (1966) dem onstrated  th a t  th e  r ib  lon g issim u s d o rs i  i s  th e  b e s t  p re d ic to r  
of tendf
Went

ie rn ess  fo r  th e  r e s t  of th e  c a rc a s s . Thus, m easurem ents w ith  t h i s  in s t r u -  
a re  in d ic a t iv e  of th e  r e l a t i v e  te n d e rn ess  o f th e  e n t i r e  c a rc a s s .
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