
4 .0  Myofibril fragmentation index and sensory properties of pork and beef during 
' D post mortem storage!

S. FJELKNER-MODIG

Swedish Meat Research Institu te , POB 504, S-244 00 KSvlinge, SWEDEN.

Introduction

The sensory properties of meat, especially tenderness, are improved by post 
mortem storage. At a storage temperature of 2-4°C a tenderising time of 
7 days is  satisfactory for e le c tr ica lly  stimulated beef but 14 days is 
necessary for non-stimulated beef (Dransfield et a l .,  1980-81, 
Fjelkner-Modig i  Ruderus, 1983). 4-5 days are sufficient for pork 
(Dransfield et a l.,  1980-81).

When evaluating the different factors that affect tenderness i t  would be of 
great value to be able to follow the tenderising process with an instru
mental method that agrees well with sensory evaluation.

Histological studies have shown that the myofibrils, due to weakening in the 
region of the Z-I1nes, break into shorter and shorter fragments during 
ageing (Davey « Gilbert, 1969, Olson et a l . ,  1976). The degree of fragmenta
tion has been quantified as a) myofibril fragmentation index (MFI) - by 
measuring the absorbance of a defined myofibril suspension (Olson et a l.,  
1976), b) the average number of sarcomers per f ib r i l  - by examining myo
f ib r i l  sediment 1n a phase contrast microscope (Möller et a l ., 1973,
Jeremiah & Martin, 1978) and c ) fragmentation index (F I)  - by weighing 
residue fraction after homogenisation, stepwise filt ra t io n  and centrifuga
tion (Reagan et a l . ,  1975, Davis et a l . ,  1980).

The myofibril fragmentation accounts for about 50* of the variation in 
tenderness of beef steak (MacBHde & Parrish, 1977, Olson A Parr sh, 1977, 
Calkins et a l . ,  1980, Davis et a l . ,  1980). Olson & Parrish (1977) have 
reported significant correlation coefficients between MFI and sensory 
evaluated tenderness for M. longlsslmus dorsl of both beef and veal, aged 
for 1 and 7 days. The correlation coefficients ranged from 0.65 (bovine, 
C-maturity, aged 7 days) to 0.95 (veal, aged 7 days). An Increase with 
ageing time was noticed in both tenderness and MFI. However, no Information 
was given concerning the relationship between the increase of MFI and the 
tenderness Increase. Most often correlation coefficients between 0.4 and 0.7 
are reported for bovine meat of a defined ageing time (MacBride A Parrish, 
1977, Mailer et a l.,  1978, Calkins et a l. ,  1980 and Davis et a l . ,  1980). The 
main reasons given for the variation 1n correlation coefficients were the 
age of the ca ttle , the maturity and grading quality of the carcasses and 
differences in the MFI analysis.

Olson et a l. (1976) are the only ones who have followed the tenderising 
process by recording both MFI and tenderness. However, they have not 
reported any s ta tis tica l evaluation. Moreover, they recorded tenderness as 
shear force values and, as shown by Olson A Parrish (1977), Fjelkner-Modig & 
Ruderus (1983) and others, a shear force value is  not always a good 
predictor of sensory tenderness ( r  * -0.5 to -0.95).

The purpose of this study was to follow the tenderising process by MFI and 
sensory evaluation 1n both beef and pork and to evaluate MFI as a predictor 
of tenderness.

Materials and Methods

M. longlsslmus dorsi (LD. 11th vertebra thoracica - 5th vertebra lumbalis) 
was cut from three bovine carcasses and six porcine carcasses one day post 
mortem. The beef samples are denominated Bl-3 and the pork samples P I-3 and 
HI-3. B1 and B2 were young bulls and B3 a heifer, a ll of Swedish lowland 
breed. They were about 2 years old when slaughtered, e le c tr ica lly  stimu
lated, graded and ch illed according to routine methods. The carcasses were 
a ll of normal grade and the final pH (recorded by a . c c
pH-meter with an Ingold 404 glass electrode) were 5.4 (B l ) ,  5.6 (B2) and 5.5 
(B3).
The samDles denominated P I, P2 and P3 were taken from crossbred g ilts  of 
Swedish Landrace and Swedish Yorkshire and the rest (H I, H2 and H3) were 
crossbred g ilts  of Hampshire, Swedish Landrace and Swedish Yorkshire. The 
q llts  were slaughtered at 6 months and graded and ch illed according to 
routine methods. The carcasses were a ll of normal grade and the final pH 
weie 5?6 (P l) ,  5.4 IP2 ), 5.8 (P3), 5.5 (H i). 5.4 (H2) and 5.6 (H3).

MFI was determined at the same time as the sensory evaluations were made at 
24. 48, 96 and 168 hours post mortem. The bovine samples were also analysed 
at 240 hours post mortem. The samples were stored in plastic bags at 4 c.
MFI was determined as absorbance value at 540 nm in a myofibril suspension. 
The MFI method of Olson et a l . (1976) was used.

The sensory evaluation of the beef samples was performed by 10 trained 
persons. The pork samples were evaluated by 8 judges.

S lices of 1.5 cm thickness were fried at 180°C on a double sided griddle 
immediately before the sensory evaluation. The frying was interrupted at a 
centre temperature of 650C. The end point temperature was recorded by 
thermocouples. The slices were cut into pieces, 2.5 x 2.5 cm, which were 
served hot. The judges were asked to evaluate tenderness (1 * very tough,
9 = very tender), chewing time (1 • very short. 9 = very long), chewing 
residual (1 * very l i t t le ,  9 ■ very much) and for the pork samples also 
iuiciness (1 * very dry, 9 ■ very ju icy ). At each session the judges were 
served 3 samples, one at a time. Between the samples the panelists were 
asked to rinse the ir mouths with d is tilled  water and an unsweetened biscuit.

The points given by the judges were f ir s t  studied by comparing the scores 
from each individual judge with a weighed average value at each time post 
mortem. In time some of the judges showed a scoring pattern, diverging from 
the average values, although they previously had shown good agreement with 
the group. Using a linear regression analysis, the scores of those judges 
correlating poorly with the average values, were excluded from further 
s ta tis tica l analysis.

I Ean!hishor Turtner sta tis tica l analysis uie rw u iw  «* 3 ' " ‘ “ T  ; /  ny
lis ts  were transformed by using the linear regression coefficients, j the 
transformation, the bias caused by different usage of the scales amo a ^  
judges, was reduced to a minimum. The relationship between the trans ^  
sensory results and MFI were analysed by linear regression analysis. tl 

-----  — — -| studied by c a lc u lirelationships between the sensory attributes were : 
partial coefficients.

,ho*n
ine results or tne nri ueiBnimiauuii» anu unc »u o v .j T̂ e
(at different points of time) in Table 1 (beef) and Table 2 (pork)- , 
sensory attributes, i .e .  tenderness, chewing time, chewing residua 
juiciness are given as average values-

Time
p os t mortem

Tenderness

Chewing time

Chewing residual

' = missing valu

Table 1. The MFI-values (absorbance at 540 nm x 100) and the
the sensory evaluation of M. longlsslmus dorsi from J  oe

h
The meat from the two young bulls (Bl and B2) was surprisingly tou9 
after 10 days of ageing at +4»c. The increase in tenderness and t"' 
decreases 1n chewing time and chewing residual, were less for b i 
for B3. However, the increase in MFI values from 1 to 10 days pos 
were almost the same for a ll three samples.

frfl*

The meat samples from the three-breed crosses (HI-^3> were more «¡J 
gave shorter chewing time and less chewing residual than those 
two-breed crosses (P1-P3) (Table 2).

i#'/the

Tenderness

Chewing residual

Juiciness

Time
post mortem 
(hours)

Sample 
i PI P2 PJ HI 112 H3

82 60 68 81 71 65
85 73 80 82 82
86 * 9) 90 90

168 100 98 95 101 106

j . y 4.0 3.fa 4.8 4.0
1.6 4.7 3.9 3.8 5.6
3.3 3.3 4.0 4.4 6.5

168 6.4 5.1 4.9 6.5 6.7

7.7 fa. 0 6.5 5.6 6.2 7.1
1.3 7.0 6.4 6.1 5.0
fa. 9 0.2 fa. 0 5.9 4.5

168 5.2 5.4 5.3 4.3 3.2

7 , 7.2 5.5 7.1 6.3 5 • ■
1,. <T /. 7 u . Î 5.7 5.1
6.1» 6. 1 5.0 5.8 4.0 4.0

168 5.2 5.5 3.5 3.2

6.0 7.0 7.2 6. / 7.4 6.V
7.: 7.4 7.8 7.1
6.7 5.8 7. 1 7.fa 7.3

168 7.5 7.4 7.9 7.9 1 . A

Table 2. The MFI values (absorbance at 540 nm x 100) and the
the sensory evaluation of M. longissimus dorsi from o r ^

The samples from the two-breed crosses showed a wider variation 
quality than those of the three-breed crosses. This may be due ,.e. J  
rences in meat quality. P2 showed PSE properties to some extent, st
pH fa ll (pHjo „ In  post mortem * 5-«> .•"? V ^ r n S ’ S i i ' J i r i  i l * V  ( 5t compared to 1-31 for the others). In P3 the pH fe ll very > jt5 n 
(pH * 6.4 3 hours post mortem) and the final pH was about 0 .JP  
than normal for this crossbreed. J

The linear relationships between MFI and the four sensory a ttr  « . 
shown in Table 3 as linear correlation coefficients. Significan^ 
correlation coefficients are indicated by stars (* * p « o.us, 
and *** * p « 0.001).
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fi
*l'fi
HJ
H}
Hi

linear correlation comtficiouts
MF1 versus
T*nderness Chewing Chewing Juicinesstime residual

0.35 -0.64*** -0.54**
0.?2 -0.51* -0.48*
0.63*»* -0.72*** -0.75*»*
0.70»*« -0.81*** -0.80*«*

0.96»«. -0.73*** -0.75*** 0.4 7*
0.2a -0.49* ■0.27 0.300.14 0.00 -0.27 0.20
0.24 -0.40«* -0.26* 0.15
0.B6-*. -0.67*** -(..TO*-. 0.78***
0.80»«. -0.69*** 5. . . 0.30
0.59*. -0.64*** -0.72*** 0.44
0.57»*. -0.58** * -,..„7*** 0.49***
0.3b**« •0.50*** -0.49*** 0.31*

. > ‘0.05
■ l  <0-oi P ‘0.00!

aie 3>
attr?tSults of linear regression analysis of MFI and sensory 
doh,- /£es M- longissimus dorsi from 3 beefs (B1-B3) and 6 
POrks (P1-P3 and H1-H3).

(»•Tn9 time <h
Vj. '0*81) anri0wed the best linear relationship to MFI for both beef 
attriKe‘ The MFi°rk = However, the variation between the sample
ext^tes for mê ,od 9ave n0 90od explanation of the various sensory 

ŝ oweri j • e san’Ples of the two porks (P2 and P3), which to some 
divergent meat quality.

rX >  »ry
ht,
ng

iH(jaî!0nshiDaf î rit>lJtes chewing residual and chewing 
rei»*;ew1"- <or -

„ __ . .... ..... „ time had a very close
the beef samples but not for pork (Table 4). Chewing time"'9 rpciH i nut iu i

for the individual samples showed about the same
C<- e6n l . j  . O tendprnûcc fAv Krt+h nn L̂ an/1

“ fdualcUntsn. ,ndi V i l î ? ndern?ss f ° r P?rk and beef* However, the variati
Were aaa<dl S3mp1es was wide. P a r t ic u la r ly  low correlation coeffi- 

yain noted for the two pork samples P2 and P3.

Juiciness is an important sensory property of pork (Skelley et a l . ,  1973). 
Often juiciness shows a covariation with tenderness (Skelley et a l . ,  1973), 
but the correlation coefficients between juiciness and the three sensory 
attributes were low (Table 4). Also the relationship between juiciness and 
MFI was low.

There are variations in correlation coefficients between the individual 
samples. However, for beef these are not as wide as those reported by Olson 
£ Parrish (1877) and Davis et a l.  (1980). It  could be that the variation 1n 
the tenderising process In a carcass 1s smaller than the variation between 
carcasses of different age, maturity, quality grade and slaughter conditions

The low correlation coefficients noted for P2 and P3 could be due to their 
divergent meat quality. During ageing their MFI-values Increased to the same 
level as the other samples, but the ir sensory attributes did not improve to 
the extent of the others (Table 2). Thus, even after 7 days of ageing, P2 
and P3 were rather tough and gave quite a large chewing residual.

Cone!usions

* MFI accounts for about 66» of the variation in sensory tenderness of beef 
and about 404 of the variation of pork of normal meat quality.

* Pork has a higher in it ia l MFI-value and a shorter ageing time than beef.

* Determination of MFI Is one valuable way of studying the tenderising 
process in meat.

* MFI cannot be used as an absolute measure of sensory tenderness.

* There are individual variations 1n the relationship between sensory 
properties and MFI, probably due to differences in meat quality, breed 
and sex of the slaughter animals.

* In meat of normal quality a low in it ia l MFI-value indicates that the meat 
w ill be tough after ageing.
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