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il at Ors that affect the tenderness of meat include processing conditions, type of muscle, preslaughter stress, animal age and breed.
‘ngs - ly the tenderness depends upon the state of the myofibril, the degree of muscle aging, and the amount and type of connective tissue

iﬁra }"iea‘ tenderness is usually objectively measured by methods that have been related to taste panel assessment. Studies of Warner-

main r‘s‘hear-forcc curves have shown that treatments influencing the myofibrillar proteins such as aging and cooking conditions affect

Uy Nitia) yield force values, whereas the peak-force values reflect changes related to animal age, muscle type, muscle connective tissue

Eh”nks COOklng methods (Bouton et al., 1981). Cooking conditions affect the connective tissue by denaturing the collagen at the

e ® temperatures and subsequent hydrolysis, (Seuss and Honikel, 1990).

‘ﬂr the MHUNZ tenderometer (MacFarlane and Marer, 1966) and the pneumatic version (Frazerhurst and MacFarlane, 1983) developed

‘*&qge W Zealand meat industry, are devices giving a shear-force measurement as a cooked sample is compressed between two blunt

"%twe 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).

“ighl zmparisons of the MIRINZ tenderometer and the Warner-Bratzler tenderometer have shown their shear-force values to be very

, n(;:elatcd (Bouton and Harris,1972a).

lﬁnqer[)melledgc of the relationship between different tenderometers and changes induced by different cooking methods, allows
€I results to be compared from different laboratories.

Praz " this study two mechanical methods, the Warner-Bratzler shear device (Bratzler, 1932) and the MIRINZ pneumatic tenderometer

‘Rp oy st and MacFarlane, 1983), were compared in their original form as individual machines. Results were also obtained using their

h&ar e Shear heads attached to an Instron 4301 Materials Testing Machine. The second approach provided a direct comparison of the

[ U, Ce)
[ Yeq i hanlsm without differences in rates of force application. Samples of five muscles cooked to selected end-point temperatures, were
1 the Study_

"paration

E%De ;l:' 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.
e Ure profiles of carcasses in the chiller after slaughter and of the samples aged at 10°C, were continuously monitored using
\ "‘bl(‘e IRINZ data loggers (model 861) with a teflon covered probe. Muscles used were the m. longissimus dorsi, m. psoas major,

XQ& femons m. supraspinatus and m. sternomandibularis. Only muscles with an ultimate pH less than 5.70 were used. All muscles

mtpare; i Sternomandibularis, were excised 24 h postmortem and five 150 mm x 50 mm x 50 mm longitudinal samples of each were
‘ mi'h for Cooking. The sternomandibularis muscle was excised immediately after slaughter and laid out at 15°C to enter rigor with only
| %k - Ortening. The samples to be aged were vacuum packed and held at 10°C for 96 hr (120 h postmortem). All samples were
‘ }l' T, i & waterbath at 100°C to internal meat temperature end-points of 55, 60, 65, 70 anid 75°C, as measured by copper/constantan
b Vs *Uples, Immediately the samples had reached the end-point cooking temperature, they were chilled on ice and were sheared using
\ % ‘enderometer devices, the same day as they were cooked.
Qnd
Ql:ometer Evaluation
W“In tR; heE‘r‘forcc responses from the MIRINZ tenderometer, the Warner-Bratzler tenderometer and the Instron set up as a MIRINZ or a
a“d the fatzler tenderometer were compared. The maximum shear-force values for the MIRINZ and the Warner-Bratzler tenderometers
hn& Yo Peak Shear-force values for the Instron assessment methods, expressed as kilograms force (kgf), were recorded as the mean of ten
K Upf 0 mm x 10 mm cross-section x 150 mm long samples. Samples were sheared at right angles to the fibre axis. The Instron was
" boty 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 Tk

i

The mean shear-force values for unaged biceps, longissimus, psoas and the supraspinatus muscles were plotted against the COOH-:J

end-point temperatures show a maximum shear-force between 60°C and 70°C. For the aged samples there was no significant cur"rlhf

between 55°C to 75°C. However the 75°C values were slightly higher than the 55°C values. An example of such curves fi«ii‘"‘

longissimus, is given in Figure 1. Instron shear-force values for both heads mimicked the results found using the original shed! Lyll;:'
(Fig. 2), although at lower end-point temperatures there were marked differences for the MIRINZ shear-heads, the Instron—MIRINZh

at 55°C being 25% lower than the MIRINZ result. Both the Warner-Bratzler and the Instron-Warner-Bratzler results were similar 1
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Similar tenderness relationships to those shown for longissimus muscle in Figure 1, were obtained for the biceps: P
supraspinatus. g T‘F"l
es teSI iy
mﬂu, b

The results for unaged sternomandibularis muscle in Figure 3, show curves flatter to those for the other unaged muscl
; | roXit
shear-force values for both the unaged and aged sternomandibularis muscle from the Warner-Bratzler tenderometer were appP I

’ . . . ris O
50% higher than for the MIRINZ tenderometer. The relationships between results for all muscles except the sternomandibulé ol

. [ HEEE

MIRINZ and Warner-Bratzler tenderometers show a high correlation (Figure 4). The results from the original devices are give" _(v
C - ]

4(a), and from the Instron based devices are given in Figure 4(b). The regression coefficients for figure 4(a) is, Warner-Bratzlef e st

. cien®”
MIRINZ kgf + 0.61 and for figure 4 (b) is, Instron Warner-Bratzler kgf = 0.72 Instron MIRINZ kgf + 0.60. The correlation Cocmlu& fro
Alucs

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

DISCUSSION
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The high correlation of the tenderness values measured using the MIRINZ and Warner-Bratzler tenderometers and thelf ay

o . s A ‘ fidem™
Instron modifications for all muscles, except the sternomandibularis, indicates that these instruments can be used con ify i
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comparative tenderness assessments, when identical samples are used. Different sample shapes and sizes are likely 1@ oy

relationships. Changes to the Warner-Bratzler blade will also influence results.
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Figure 1. Longissimus shear-force values plotted against cnd-point temperatures between 55° and 75°C for(a unaged and 8 usi”
p & P p ed I

t
MIRINZ tenderometer, and (b), unaged and aged muscle, Warner-Bratzler tenderometer. The curves shown here were plo
quadratic, with the 90% confidence limits shown by the broken lines.
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The present results agree with and extend those of Bouton and Harris (1972b) and Draudt (1972) but differ from thas aftef So.f,-

: ay it

Gilbert (1974) who noted a large increase in shear-force between 65°C and 75°C, with the shear-force values dropping 8% : 2 spccl |

Davey and Gilbert (1974) cooked sternomandibularis muscle for one hour at each cooking temperature, rather than [Zut" i
temperature end-point. The marked changes with higher peak toughness between 65°C and 70°C has also been described PY i okcd !
(1981) with cold shortened muscle. In practice, meat is cooked to an internal temperature or "doneness’, rather than bein® g
final temperature for a period of time.
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3“(
Lﬂngxsstmus shear-force valucs plotted against end-point temperatures between 55° and 75°C obtained using the Instron using
INZ and Warner-Bratzler shear heads, for(a) unaged and aged muscle, MIRINZ Instron tenderometer and (b), unaged and aged

11‘

Ir"ﬂ[":hﬁbr amer-Bratzler Instron tenderometer. The curves shown were plotted using a quadratic with the 90% confidence limits shown by
W en Ii

for* | ines,
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fy e | i“i[jc InCrease in shear-force occurring between 60°C to 70°C, as shown by the unaged treatment, possibly results from an interaction of
’ lflcre.a 3 cha“gcs in collagen temperature stability occurring over the temperature range 60°C to 65°C (Horgan et al., 1991) followed by

Tﬂyw in actomyosin rigidity at temperatures greater than 65°C, (Young, et al., submitted for publication). The interaction between
I“

i} e

‘ﬁu en ar and collagenous proteins over the temperature range being considered, is complicated with both longitudinal and transverse
Shrmkagc occurring, (Seuss and Honikel, 1990).

m

e

)ﬁnd Sh‘i’flel’-forcc values for the sternomandibularis plotted against end-point temperatures between 55°C and 75°C using the MIRINZ
&nﬁdq arner-Bratzler tenderometer (b), for unaged and aged muscles. The curves shown were plotted using a quadratic with thc 90%

o ®® limits shown by the broken lines.
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Or
| :Q“\pe lblC"PSfemorzs longissimus dorsi, psoas major and supraspinatus muscles, cither unaged or aged and cooked to end-point
&“d res between 55°C and 75°C, MIRINZ tenderometer and Warner-Bratzler shear device readings are highly corrclated. MIRINZ
‘ i Cler can be converted to Warner-Bratzler shear-force values, and vice versa, by applying the appropriate regression equations.
Qolla t MaXimym shear-force occuring for unaged treatments between 60°C and 70°C, suggests that there is a complex interaction with

" 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 Warner-
all cooking end-point temperatu
both MIRINZ and Warner-

MIRINZ vs Warner—Bratzler Correlalion
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However, the 75°C values were slightly higher than the 55
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: ibular
Bratzler tenderometer values plotted against each other for all muscles, except the stenomandib sl

o™
res, for unaged and aged treatments. In (), the original machines were used, and for (b), the Inst s
Bratzler shear heads were used.
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°C valucs. The shear-force values for the aged samples over [hcd ’
significantly lower than those of the unaged samples. Instron shear-force values for both heads mimicked the results foul

original shear devices, although there was some marked shifts at lower end-point temperatures.
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The different relationship between the two tenderometers observed when using the sternomandibularis muscle comp

observed for the other muscles, suggests the sternomandibularis is not a good model for comparative tenderness standards.
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