For further statistical amalysis the results from the six remaining Pa":;"-;
lists were transformed by using the linear regression coefficients.

4:6 Myofibril fragmentation index and sensory properties of pork and beef during
post mortem storage.

transformation, the bias caused by different usage of the scales amond ned =
S. FJELKNER-MODIG judges, was reduced to a minimum. The relationship between the trc}nsf“e Sany
sensory results and MFI were analysed by linear regression analysis: . . thé
Swedish Meat Research Institute, POB 504, S-244 00 Kavlinge, SWEDEN. relationships between the sensory attributes were studied by calclﬂﬂ”"g
partial coefficients.
Introduction
Results W
The sensory properties of meat, especially tenderness, are improved by post show
mortem storage. At a storage temperature of 2-4°C a tenderising time of The results of the MFI determinations and the sensory evaluation aFeT"e 3
7 days is satisfactory for electrically stimulated beef but 14 days is (at different points of time) in Table 1 (beef) and Table 2 (pork): d L}
necessary for non-stimulated beef (Dransfield et al., 1980-81, sensory attributes, i.e. tenderness, chewing time, chewing residual " Ay
Fjelkner-Modig & Rudérus, 1983). 4-5 days are sufficient for pork juiciness are given as average values.
(Dransfield et al., 1980-81). ‘ 2
When evaluating the different factors that affect tenderness it would be of Analysis s :‘
great value to be able to follow the tenderising process with an instru- e 83 2
mental method that agrees well with sensory evaluation. :M
s S Ly Eoidd 4
Histological studies have shown that the myofibrils, due to weakening in the MF1 4 53 o8 76 L1

region of the Z-lines, break into shorter and shorter fragments during a8 64 62 86 Ky

ageing (Davey & Gilbert, 1969, Olson et al., 1976). The degree of fragmenta- 96 67 3 80 0
tion has been quantified as a) myofibril fragmentation index (MFI) - by 12 2 ] iog 3
measuring the absorbance of a defined myofibril suspension (01son et al., o : Ay
1976), b% the average number of sarcomers per fibril - by examining myo- al
fibril sediment in a phase contrast microscope (Mgller et al., 1973, Tenderness 4‘ 2 k43 P
Jeremiah & Martin, 1978) and c) fragmentation index (FI) - by weighing 5 e L 5 .
residue fraction after homogenisation, stepwise filtration and centrifuga- 168 2 i
tion (Reagan et al., 1975, Davis et al., 1980). 240 2. y
The myofibril fragmentation accounts for about 50% of the variation in Chewing time 24 %3 Tib]
tenderness of beef steak (MacBride & Parrish, 1977, Olson & Parrish, 1977, 48 3 €
Calkins et al., 1980, Davis et al., 1980). Olson & Parrish (1977) have ": 2 : 3.
reported significant correlation coefficients between MFI and sensory 12[ 6.7 3
evaluated tenderness for M. longissimus dorsi of both beef and veal, aged thm
for 1 and 7 days. The correlation coefficients ranged from 0.65 (bovine, r r (ps
C-maturity, aged 7 days) to 0.95 (veal, aged 7 days). An increase with Cheving cesidunts <24 5 e e ag
ageing time was noticed in both tenderness and MF1. However, no information % 7.4 y 1.6 ‘tt”
was given concerning the relationship between the increase of MFI and the 168 6.2 7 Exte,
tenderness increase. Most often correlation coefficients between 0.4 and 0.7 240 6ok 5 2.9 d
are reported for bovine meat of a defined ageing time (MacBride & Parrish, — - —— The
1977, Meller et al., 1978, Calkins et al., 1980 and Davis et al., 1980). The *~ = missing value Tt]ii
main reasons given for the variation in correlation coefficients were the ang
age of the cattle, the maturity and grading quality of the carcasses and 1tsf "g]lt
differences in the MFI analysis. Table 1. The MFI-values (absorbance at 540 nm x 100) and the rest fs: bety,
the sensory evaluation of M. longissimus dorsi from 3 bee ”ene
Olson et al. (1976) are the only ones who have followed the tenderising n evel ;
process by recording both MFI and tenderness. However, they have not The meat from the two young bulls (B1 and B2) was surprisingly toud |
reported any statistical evaluation. Moreover, they recorded tenderness as after 10 days of ageing at +49C. The increase in tenderness and ‘hed
shear force values and, as shown by Olson & Parrish (1977), Fjelkner-Modig & decreases in chewing time and chewing residual, were less for B1 an orté"'
Rudérus (1983) and others, a shear force value is not always a good for B3. However, the increase in MFI values from 1 to 10 days post "
predictor of sensory tenderness (r=-0.5 to -0.95). were almost the same for all three samples.
er ?

The purpose of this study was to follow the tenderising process by MFI and The meat samples from the three-breed crosses (H1-H3) were moreftz";dme -
sensory evaluation in both beef and pork and to evaluate MFI as a predictor gavebshozter chewir(lg]t:;ge)a 7?%}853):“”1"9 residual than those fr ®l
of tenderness. wo-breed crosses - able 2).
Materials and Methods e il A s de ot k R
M. longissimus dorsi (LD, 11th vertebra thoracica - 5th vertebra Tumbalis) Analimes ‘:':f IR i S A, S e Y
was cut from three bovine carcasses and six porcine carcasses one day post {hours) b
mortem. The beef samples are denominated B1-3 and the pork samples P1-3 and =l oy B
H1-3. Bl and B2 were young bulls and B3 a heifer, all of Swgdish 1ow1'and by 7 TRk i i P s
breed. They were about 2 years old when slaughtered, electrically stimu- a8 85 73 80 82 g2 173 i
lated, graded and chilled according to routine methods. The carcasses were 96 ag) = » 9) 90 20 85 3
all of normal grade and the final pH (recorded by a Knick Portamess 651 168 100 98 95 101 106 99 1
pH-meter with an Ingold 404 glass electrode) were 5.4 (B1), 5.6 (B2) and 5.5 e
(83). Tenderness 24 5.5 36 3.6 4.8 4.0 “:

48 2.6 4.7 3.8 5.6 5.8 3
The samples denominated P1, P2 and P3 were taken from crossbred gilts of %9 Al e i? ?‘7 o
Swedish Landrace and Swedish Yorkshire and the rest (H1, H2 and H3) were : p = 2 :’wJ
crossbred gilts of Hampshire, Swedish Landrace and Swedish Yorkshire. The , Upe
gilts were slaughtered at 6 months and graded and chilled according to ChevInNg. Bame o T ;4 2‘{ 22 '7)'; N
routine methods. The carcasses were all of normal grade and the final pH 96 6.9 8 e 50 A o e Tay
were 5.6 (P1), 5.4 (P2), 5.8 (P3), 5.5 (H1), 5.4 (H2) and 5.6 (H3). 168 5.2 S R Te
MF1 was determined at the same time as the sensory evaluations were made at - 5 s Eail
24, 48, 96 and 168 hours post mortem. The bovine samples were also analysed Chmeingigesiouat St 1% oA g i
at 240 hours post mortem. The samples were stored in plastic bags at +49C. 16 6.8 6.1 . 5.8 B‘lt::'

16w - 2 5 3.5 J
MFI was determined as absorbance value at 540 nm in a myofibril suspension. (L_'éch
The MFI method of Olson et al. (1976) was used. Fodcthaie 24 ] tﬁnaqs

48 7.8 7.1 Ry
The sensory evaluation of the beef samples was performed by 10 trained 1:: “ ;:y‘

persons. The pork samples were evaluated by 8 judges.

Slices of 1.5 cm thickness were fried at 180°C on a double sided griddie * = missing value e
immediately before the sensory evaluation. The frying was interrupted at a V h%f”F
centre temperature of 650C. The end point temperature was recorded by i r“id
thermocouples. The slices were cut into pieces, 2.5 x 2.5 cm, which were : sU”s oy t
served hot. The judges were asked to evaluate tenderness (1 = very tough, Table 2. The MFI values (absorbance at 540 nm x 100) and the gepor"" i
9 = very tender), chewing time (1 = very short, 9 = very long), chewing the sensory evaluation of M. longissimus dorsi from c‘d ® ﬂis
residual (1 = very little, 9 = very much) and for the pork samples also = “ft’ "“lu s
juiciness (1 = very dry, 9 = very juicy). At each session the judges were The samples from the two-breed crosses showed a wider V«i""ﬂt“’"t dif,’ fr%t
served 3 samples, one at a time. Between the samples the panelists were quality than those of the three-breed crosses. This may be d”et "’;ﬂ"’ 5] i
asked to rinse their mouths with distilled water and an unsweetened biscuit. rences in meat quality. P2 showed PSE properties to some exten A v,”h
pH fall (pH30 min pgst mortem = 5.6) and a rather high drip dU";WU (’ of Dit

The points given by the judges were first studied by comparing the scores ( 5% compared to 1-3% for the others). In P3 the pH fell very snﬂ’n hﬁgf“'
from each individual judge with a weighed average value at each time post (pH = 6.4 3 hours post mortem) and the final pH was about 0.3 M (
mortem. In time some of the judges showed a scoring pattern, diverging from than normal for this crossbreed. o h“l!
the average values, although they previously had shown good agreement with ' (cut's 14‘ cth
the group. Using a linear regression analysis, the scores of those judges The 1inear relationships between MFI and the four sensory attr e nof ¢ b»%n
correlating poorly with the average values, were excluded from further shown in Table 3 as 1inear correlation coefficients. Significant o ¢ Jugg™
statistical analysis correlation coefficients are indicated by stars (* =p & 0.05, n Yoy
» Ing
and *** = p ¢ 0.001). len:’
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Linear correlation coefficients
MF1 versus
{ Tenderness Chewing Chewing Juiciness
Sy time residual
8] i e R N - — e e s
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lgir;‘f‘:ults of Tinear regression analysis of MFI and sensory
Pork tes of M. Jongissimus dorsi from 3 beefs (B1-83) and 6
. S (P1~P3 and H1-H3).
(ne "t
Yag ;0.3]';:;30"60 the best linear relationship to MFI for both beef
"tt”lde' The I‘IF‘;""k (r = -0.50). However, the variation between the samples
Bxtep ites £o, method gave no good explanation of the various sensory
"t Shy the samples of the two porks (P2 and P3), which to some
- vergent meat quality.
a]as NSO, A
ationshﬁpag”b”tes chewing residual and chewing time had a very close
t1¥ing l’es: the beef samples but not for pork (Table 4). Chewing time
ety Onghi 54 dual for the individual samples showed about the same
”Ente" 1,101”!1 tenderness for both pork and beef. However, the variation
S Wer, A ual samples was wide. Particurlarly low correlation coeffi-
92in noted for the two pork samples P2 and P3.

Parcial correlation coefficients
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1059‘)‘;"?‘31 coefficients of the sensory attributes of M.
B ang Ha?""us dorsi from 3 beefs (B1-83) and 6 porks (P1-P3 and H1
bﬂt?ness

s sh
gt"ungg" a]?"‘:gma rather low relationship to the three tenderness attri-
o249 ‘S ang epl_ES (Table 4). The correlation coefficient between

Map,s P € <0 3‘4”"9 residual was almost the same for all samples

s a .h )-_ The other two relationships i.e. juiciness versus
Chewing time varied rather much.

Y
iqu
W g

o L e
dypy - tho »
erit‘-g:'ng dge:?:lﬂﬂ!ngd 66% of the improvement in sensory tenderness of
Py 2 Sp:hips foug' This agrees well with results published earlier on
& M Cific + nd whsn measurements have been made gn meat samples aged
ahuﬂ.,‘]]”?, 42;‘8 (R2 = 18%, Reagan et al., 1975, RZ = 56%, MacBride &
it 40,980_ pe" ¢ RE < 903, Olson & Parrish, 1977, RZ = 46%, Calkins
%™ pone OF the ; 50%, Davis et al., 1980). The MFI method explained
ks Mprovement in sensory tenderness of M. longissimus dorsi
on statisg?rma] meat quality (P1, H1-3). Including the samples P2 and
t\e“""k in sens cal analysis, MFI accounts for only about 25% of the
(farthe deg'_""y tenderness. This suggests that for sensory tenderness
co,.,.ﬂai? of myofibril fragmentation is not as important as for
ch&.:ng o on coefficients see Table 3).
ng . 'Me
Ju%e,-]gy"end;:o"‘?d the best 1inear relationship to MFI, closely followed by
"'Enta d exﬂc-nTendernpss is an attribute which is very hard to define
ta 0"51 of teng Y. Despite intensive training, bias can occur in the
"“er ﬂt1°" A erness. Therefore, not surprisingly, the widest variation
Nesgu ™ COefficients was found betwcen MFI and the attribute

Juiciness is an important sensory property of pork (Skelley et al., 1973).
Often juiciness shows a covariation with tenderness (Skelley et al., 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 al. (1980). It could be that the variation in
the tenderising process in a carcass is 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 their 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.

Conclusions

* HMFI accounts for about 66% of the variation in sensory tenderness of beef
and about 40% of the variation of pork of normal meat quality.

* Pork has a higher initial MFl-value and a shorter ageing time than beef.

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

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

* There are individual variations in 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 initial MFI-value indicates that the meat
will be tough after ageing.
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