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lllĵ  ‘ors that affect the tenderness of meat include processing conditions, type of muscle, preslaughter stress, animal age and breed, 
¡t  ̂ ¡he tenderness depends upon the state of the myofibril, the degree of muscle aging, and the amount and type of connective tissue

Itjjy tenderness is usually objectively measured by methods that have been related to taste panel assessment. Studies of Wamer-
shear-force curves have shown that treatments influencing the myofibrillar proteins such as aging and cooking conditions affect 

¡Id ̂  'ttttial yield force values, whereas the peak-force values reflect changes related to animal age, muscle type, muscle connective tissue 
¡ly Poking methods (Bouton e t  a l . ,  1981). Cooking conditions affect the connective tissue by denaturing the collagen at the 

temperatures and subsequent hydrolysis, (Seuss and Honikel, 1990).
i
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^IRINZ tenderometer (MacFarlane and Marer, 1966) and the pneumatic version (Frazerhurst and MacFarlane, 1983) developed

'“ted Zealand meat industry, are devices giving a shear-force measurement as a cooked sample is compressed between two blunt
L  shaPed teeth The Warner-Bratzler tenderometer draws a flat blade with a triangular hole in which a cooked sample is placed 

a ■£ Pair of fixed plates, giving a shear-force measurement (Bratzler, 1932).
^  0tnParisons of the MIRINZ tenderometer and the Warner-Bratzler tenderometer have shown their shear-force values to be very 

^c°iTelated (Bouton and Harris,1972a).
t|°'vledge of the relationship between different tenderometers and changes induced by different cooking methods, allows

%
W

p ^cter results to be compared from different laboratories.
¡v r this study two mechanical methods, the Warner-Bratzler shear device (Bratzler, 1932) and the MIRINZ pneumatic tenderometer
X Ur .......................,tsIW FSt anci MacFarlane, 1983), were compared in their original form as individual machines. Results were also obtained using their

shear heads attached to an Instron 4301 Materials Testing Machine. The second approach provided a direct comparison of theUv,

N>ani
'the
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nisrn without differences in rates of force application. Samples of five muscles cooked to selected end-point temperatures, were 
study.
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reParation
,pe slaughtered by a processing plant were held for 24 hours in a chiller so that the deep meat temperature did not fall below 6°C. 

'V  atUre profiles of carcasses in the chiller after slaughter and of the samples aged at 10°C, were continuously monitored using 
%'c /MlRINZ data loggers (model 861) with a teflon covered probe. Muscles used were the m . lo n g is s im u s  d o r s i ,  m . p s o a s  m a jo r ,

\ PSfefnoris , m . su p ra sp in a tu s  and m . ste rn o m a n d ib u la r is . Only muscles with an ultimate pH less than 5.70 were used. All muscles 
V  tlle s te rn o m a n d ib u la r is ,  were excised 24 h postmortem and five 150 mm x 50 mm x 50 mm longitudinal samples of each were 

0r cooking. The stern o m a n d ib u la r is  muscle was excised immediately after slaughter and laid out at 15°C to enter rigor with only
■ Stl0rtening. The samples to be aged were vacuum packed and held at 10°C for 96 hr (120 h postmortem). All samples were

V 1" a Waterbath at 100°C to internal meat temperature end-points of 55, 60, 65, 70 and 75°C, as measured by copper/constantan 
0uP'es. Immediately the samples had reached the end-point cooking temperature, they were chilled on ice and were sheared using

tenderometer devices, the same day as they were cooked.
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Vner Sllear-force responses from the MIRINZ tenderometer, the Warner-Bratzler tenderometer and the Instron set up as a MIRINZ or a 
Bratzler tenderometer were compared. The maximum shear-force values for the MIRINZ and the Warner-Bratzler tenderometers 

V *  shear-force values for the Instron assessment methods, expressed as kilograms force (kgf), were recorded as the mean of ten 
10 x 10 mm cross-section x 150 mm long samples. Samples were sheared at right angles to the fibre axis. The Instron was 
°oth types of head with the crosshead speed set at 60 mm/min. Samples from each muscle were sheared by each device.
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RESULTS

The mean shear-force values for unaged biceps, longissimus, psoas and the supraspinatus muscles were plotted against the-  -  ------------- ----------- U lU O V /K /d  W L - i t ,  p i U l l C U  '

end-point temperatures show a maximum shear-force between 60°C and 70°C. For the aged samples there was no significant
na ttir a/\ m C C 0/~* a._ *“"7 C O/̂  t t < _ _— — -------------^  A ui me ageu ¿ampies mere was no
between 55°C to 75°C. However the 75°C values were slightly higher than the 55°C values. An example of such curves

A '
for1

----- man me j j  v, vaiucs. /\n example or suen tu* 1 .a
longissimus, is given in Figure 1. Instron shear-force values for both heads mimicked the results found using the original sheaf1̂  
(Fig. 2), although at lower end-point temperatures there were marked differences for the MIRINZ shear-heads, the Instron-MlRII<Z ̂  
at 55°C being 25% lower than the MIRINZ result. Both the Wamer-Bratzler and the Instron-Warner-Bratzler results were similar-

Similar tenderness relationships to those shown for longissimus muscle in Figure 1, were obtained for the biceps, 
supraspinatus.

The results for unaged sternoniandibularis muscle in Figure 3, show euwes flatter to those for the other unaged muscles tested
vim3

uuivus iiducr lo m ose ror tne otner unaged museum
shear-force values for both the unaged and aged sternomandibularis muscle from the Warner-Bratzler tenderometer were appr°x 
50% higher than for the MIRINZ tenderometer. The relationships between results for all muscles except the stemomandibul^5 
MIRINZ and Warner-Bratzler tenderometers show a high correlation (Figure 4). The results from the original devices are give"in ‘w  V* x u v  i v o u u o  u m u  u i t  U l l g l l l i U  u c v i c e b  î ü u

4(a), and from the Instron based devices are given in Figure 4(b). The regression coefficients for figure 4(a) is Warner-Bratzler
\ATDTXr7 I_c  . r\ r. 1 ___i r

kgf5
•fflClMIRINZ kgf + 0.61 and for figure 4 (b) is, Instron Warner-Bratzler kgf = 0.72 Instron MIRINZ kgf + 0.60. The correlation cocí- ^  

0.91 and 0.92 respectively. The regression equations from the data in Figure 4a can be used to conven longissimus shear-force ^  
one machine to another.

DISCUSSION

The high correlation of the tenderness values measured using the MIRINZ and Wamer-Bratzler tenderometers and their resp6’
-Aliy1Instron modifications for all muscles, except the sternomandibularis, indicates that these instruments can be used c o n f ié  .),( 

comparative tenderness assessments, when identical samples are used. Different sample shapes and sizes are likely to m°dl 
relationships. Changes to the Wamer-Bratzler blade will also influence results.

red 1,11,51Mm Lo“8lsslmus sbcar-forcc values plotted against end-point temperatures between 55° and 75°C for(a) unaged and agL ^  
IRINZ tenderometer, and (b), unaged and aged muscle, Warner-Bratzler tenderometer. The curves shown here were pl°tted 

quadratic, with the 90% confidence limits shown by the broken lines. s
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— , _nd Draudt (1972) but differ from th
Gilbert (1974) who noted a large increase in shear-force between 65°C and 75°C, with the shear-force vaiucs dropping

The present results agree with and extend those of Bouton and Harris (1972b) and Draudt (1972) but differ from those
------- ’ ' • ■ awayaf------  ------ --------------- “ ‘VIvase m snear-iorce oetween and 75UC, with the shear-force vaiucs dropping

Davey and Gilbert (1974) cooked sternom andibularis muscle for one hour at each cooking temperature, rather than W
t n m n n r n  ___ , 1 ____ ’ .  » r i  • • . ....................... O i l

■s >
J3o0t°n ^' -------------- iui one nour at eacn cooking temperature, rather u*—

temperature end-point. The marked changes with higher peak toughness between 65°C and 70°C has also been described by ^  
(1981) with cold shortened muscle. In practice, meat is cooked to an internal temperature or ’donencss’, rather than being c°°
final temperature for a period of time.

CO;
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H u.' Longissimus shcar-forcc values plotted against end-point temperatures between 55° and 75°C obtained using the Instron using 

,, W  and Warner-Bratzler shear heads, for(a) unaged and aged muscle, MIRINZ Instron tenderometer and (b), unaged and aged
1 arner"Bratzler Instron tenderometer. The curves shown were plotted using a quadratic with the 90% confidence limits shown by

ke« lines.
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The ■
iCi lncrease in shear-force occurring between 60°C to 70°C, as shown by the unaged treatment, possibly results from an interaction of
, nit>al<changes in collagen temperature stability occurring over the temperature range 60°C to 65°C (Horgan et al., 1991) followed by

iW l 'n ac[omyosin rigidity at temperatures greater than 65°C, (Young, et al., submitted for publication). The interaction between
tlbrinill lar and collagenous proteins over the temperature range being considered, is complicated with both longitudinal and transverse
&n shrinkssage occurring, (Seuss and Honikel, 1990).

»»dth Shear-force values for the stcrnomandibularis plotted against end-point temperatures between 55°C and 75°C using the MIRINZ 
le Warner-Bratzler tenderometer (b), for unaged and aged muscles. The curves shown were plotted using a quadratic with the 90%% itcei;

*nüts shown by the broken lines.

,ß

>*

r
/

/
s

V,
> I 0 N Si r0r a •

V  °‘Ceps femoris, longissimus dorsi, psoas major and supraspinatus muscles, either unaged or aged and cooked to end-point 
VtQ UfCs between 55°C and 75°C, MIRINZ tenderometer and Warner-Bratzler shear device readings are highly correlated. MIRINZ 

etcrcan be converted to Warner-Bratzler shear-force values, and vice versa, by applying the appropriate regression equations. 
Maximum shear-force occuring for unaged treatments between 60°C and 70°C, suggests that there is a complex interaction with 
and Myofibrillar proteins. For the aged samples of the same muscles, there was no significant curvature between 55°C and 75°C.
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Figure 4. MIRINZ and Wamer-Bratzler tcndcrometer values plotted against each other for all muscles, except the s tc n o m a n d ib ^ J
temp^ratures’ for unaged and aged ^ tm e n ts . In (a), the original machines were used, and for (b), the Ins^n 

both MIRINZ and Wamer-Bratzler shear heads were used.

MIRINZ v s  W a r n e r - B r a l z l e r  C o r r e l a t i o n

u
«

Ct,«
•£

14

12

10

0

6

4

2

0

I n s t r o n  MIRINZ v s  I n s t r o n  W a r n e r - D r a l z l e r  CorrC 
14

+ + + + + + ‘H ** ^

* 1** * + 
:* * t f t* + *

+4*
++1

U
CQ
Iu01
Curd
£
C
ou

G G 10 12 14
MIRINZ ( k g f )

16 10 20 6 0 10 12 14 16
I n s t r o n  MIRINZ ( k g f )

, ranicHowever, the 75°C values were slightly higher than the 55°C values. The shear-force values for the aged samples over the 
significantly lower than those of the unaged samples. Instron shear-force values for both heads mimicked the results fou"d ^  
original shear devices, although there was some marked shifts at lower end-point temperatures. tli»1

The different relationship between the two tenderometers observed when using the stcrnomandibularis muscle comparcd 
observed for the other muscles, suggests the stcrnomandibularis is not a good model for comparative tenderness standards. 
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