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^ R r e i5LATIONSIIIP BETWEEN MYOFIBRIL FRAGMENTATION AND TENDERNESS FOR BEEF MEAT.
° N’ a n d  e . t o r n b e r g

eat Research Institute, POB 504, S-244 24 Kâvlinge, Sweden

'tct different pre-rigor and conditioning temperatures on the myofibrillar fragmentation (MF) and tenderness, evaluated by
|^ i and sensory measurements, has been studied. The MF was followed by measuring the length, using an image analysis 
1 OfMyofibrils on micrographs instead of absorbance measurements (MFI). In experiment 1 the influence of different pre-rigor 
W  ftrom 1 to 10°C on MF and shear force for M. l o n g is s im u s  d o r s i  (LD), during storage at 4°C, was investigated. Sensory
¡Ss toere assessed 14 days post mortem. In experiment 2 the influence of different temperatures during conditioning, varying 
lo8°C on MF and tenderness of LD and M. s e m im e m b r a n o s u s  (SM), excised 24 h post mortem, was studied.

Slgnificant decrease in length of the myofibrils between 2 and 14 days post-mortem at all four temperatures in experiment
\ rI ’ at three of the temperatures, no decrease in the shear force was registered. The only correlation between myofibrillar
%d ear force was found at the pre-rigor temperature of 4°C (r=0.77**). This means that no overall correlation (r= 0 .12)

ie»gth
Pl̂ rl

and shear force was found. Moreover, although there was no difference in length at day 14, tenderness was greater with
i £°r temperature. In experiment 2 no reduction of myofibrillar length as a function of time or temperature was found.\ s

’ 0tl the other hand, increased with time and temperature. These results suggest that the fragmentation of the myofibrils is
My factor determining tenderness, since no correlation was found between the length of myofibrils and shear force or 

n both types of experiment.

f et a' (1973) were the first to observe a correlation between the fragmentation of myofibrils and shear force. The method was 
0|ted by OLSON et al. (1976), measuring the turbidity of a suspension of myofibrils of known protein concentration, and 

l |^  y°fibril fragmentation index (MFI). Several investigators have since found correlations with shear force and/or tenderness 
ft>AVlS et al, 1980; WHIPPLE et al, 1990; CULLER et al, 1978; OLSON & PARRISH, 1977; CROUSE et al, 1991;
p0RD
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et al, 1991). However, the method of MFI has problems connected to measuring absorbance of a suspension, thus 
of multiple scattering and aggregation of myofibrils. To avoid this, we have followed the MF by measuring the

g an
a*tion:

Wiage analysis system, of myofibrils on micrographs. With this method we have studied the effect of different pre-rigor
nMg temperatures on the MF, shear force and tenderness of different beef muscles.

V
LMETHODS

\  1 was removed 25 minutes post mortem from young bulls of the Swedish Lowland breed and samples for shear-force
, H ,

th‘ Urements were cut. The rest of the muscle and the samples were vacuumpacked and brought to a temperature of 1, 4, 7 or
■ f" ft,
■ " \

^ter-i
bts

i^th. After the completion of rigor, the muscles were stored at 4°C for up to 15 days. Shear force and MF
,) Vj 'Vere made at 3, 8 and 15 days post-mortem. Sensory properties were assessed after 15 days.X

and SM was excised 24 h post mortem. Each muscle was cut into 3 pieces and vacuumpacked and then stored at
atures and time (7, 14 and 21 days at 2 and 4°C and 3, 8 and 14 days at 6 and 8°C). On each occasion MF was 

an(it iaemess was assessed by a trained panel.
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nediu'11Mynfihrillar fragmentation fMFL 5 g of meat, cut into small pieces, was homogenized together with 50 ml of isolation m  ̂  ̂
medium: OLSON et al, 1976) in an omni-mixer for 60 s at 11000 rpm. The homogenate was centrifuged at 2°C for I5 min ^

The sediment was brought to suspension in 25 ml of I-medium and was then further diluted with I-medium (1:25). Micro?-rapt15 '
ó # 6

then taken of the suspension at a total magnification of 1340. The length of the myofibrils, up to 60 myofibrils from 
pictures, was determined using an image analysis system.
Shear-force: Prior to analysis, the samples, 3 cm thick, were cooked in vacuum-bags in a water-bath at 74°C for 60 mmu 
then rapidly chilled in ice. Pieces with a cross-section area of 0.67x1.5 cm were cut. The method and the Warner-Bratz e 
used was described by BOUTON and HARRIS (1978).

é

. TheSensory analysis: The muscle was cut into 1.5 cm thick slices, which were packed in heat resistant plastic bags, a*

sheaf
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was

in a water-bath at 74°C for 60 minutes. Sensory analysis was performed by a trained expert panel of 15 women and men 
was judged on a scale from 1 to 9 (1 = very tough and 9 =  very tender).

„nalysisStatistical analyses: The data were analysed with Systat (Systat, 1987), using Student's t-test and linear regression a

P s io

RESULTS AND DISCUSSION
Experiment 1: Results presented in Table 1 show the effect of pre-rigor temperature and conditioning time a t  4 ° C on 
of the myofibrils.

the

t day5 pl
Table 1. Mean values (m) and standard deviations (s) of the length (/urn) of the myofibrillar fragments (n -4 ) at differ ##

. *mortem, when entering rigor at varying constant temperatures. The levels of significance are; p_<0.05 • >
p<0.001 : K

Pre-rigor
temperature

Days post-mortem Sign level ______

3
m s

8
m s m

15
s

3 -8 8-15

1°C 24.4 2.4 18.5 2.1 1 2 .4 2 .6 * **
4°C 34.6 7.6 19.3 2.3 1 2 .1 1 .3 ** **
7°C 25.4 9.9 16.7 3.8 1 2 .5 1 .3 ns ns
10°C 32.9 6.1 18.8 9.7 1 2 .4 7 .2 * ns

***
**
*

As shown in the Table, there was a significant decrease in length as a function of time, but no effect of pre-rigor temped

length was observed. However, at three of the rigor-temperatures, no decrease in shear force was registered, whe
MF *aS

(Figure 1), because for neither the 1°C samples nor the 7 or 10°C samples the shear force values decreased with tim
shown). The only correlation between length and shear force was found at the pre-rigor temperature of 4 C (r =0.77**)

t*V C*that no overall correlation (r= 0 .12) between MF and shear force existed in this investigation. Moreover, sensory eoe/ $ ,f>'
.n o C .

after 15 days post-mortem increased with higher pre-rigor temperature: i.e. 3.3, 4.6, 5.9 and 5.7 a t  1 , 4 , 7 an
even though there were no differences in myofibrillar length (Table 1).
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*lear force values versus length of myofibrillar fragments of meat entering rigor at different constant temperatures of 1, 4, 7 
ail(l H)°C, respectively.

2 Tin contrast to experiment 1, no significant decrease in MF-length with time was observed, according to Figure 2. The
and 4°C as well as 6 and 8°C conditioning temperature are shown together since no differences, both in MF and

5 Were found between these temperatures. The length of the myofibril fragments was already short on the first observation.
’ tend.erness increased with both time and conditioning temperature.

"Off,in ten ts  (/¿m) Tenderness

Tin
10 15 20 25 5 10 15 20

Time post-mortem (days)
25

lt,le Post-mortem (days)
ë h of myofibril fragments (left) and sensory evaluated tenderness (right) at different conditioning temperatures versus 

tinie for,ur tvvo beef muscles (LD and SM).

°nditioning gives rise to a significant tenderization (***) at 2 and 4°C between 14 and 21 days and at 6 and 8°C a week 
n'ficant <
'Sure 3

tenderness during a fortnight is significant for LD (***) at 6 and 8°C as well as between 7 and 14 days at 2 and 4°C

sj .
\  n, ÎCant effect of time was found for MF-length. Therefore there was no correlation between MF and tenderness
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Tenderness

\ \

Figure 3. Tenderness versus length of myofibril fragments (/im) for both LD and SM. Coefficients of correlation are als 
CONCLUSIONS

.¡ve»’

decrease v
* For LD, which was exposed to different constant pre-rigor temperatures in the cold shortening region, a significant 

myofibril length was found during conditioning for up to 15 days post-mortem at 4°C.
jjHg* For both LD and SM, excised 24 h post-mortem, no significant decrease was found in myofibril fragment length du 

for up to 21 days at varying constant temperatures from 2 to 8°C.
* No correlation was found between the length of myofibril fragments and shear values or sensory evaluated tenderness-
* These results suggest that the fragmentation of the myofibrils is not a crucial factor for determining tenderness.
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