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Les changements chimiques et physiques en myofibrillar proteines des muscles bovines longis

simus, semitendinosus et psoas major &taient determinés pendant le magasinage aprés la mort ]

2% C ef 25° C, L'indice fragmentation myofibril determiné par la mésure de |'absorption de la
suspension myofibril agrandissait pendant la magasinage aprés la mort, et la fragmentation se
pfesentait plus vite & 25° C qu'd 2° C enmagasinage, en muscles longissimus , semitendinosus
mais changeait peu en psoas major. Le changement en la tendresse (mesuré par la toute force
Werner-Bratzler) les tranches des muscles longissimus semitendinosus et psoas major pendant la
age aprds la mort s'est accordé avec le changement dans I'indice myofibrillar de la
tation. La plus grande evidence de cette rélation étaient les correlation coefficients
entre |'indice myofibril fragmentation et la tendresse sensoriale de 0.9, 0.7 et 0.7 pour les
tranches au veau, les carcasses A-maturité et C-maturité respectivement. Sodium dodecyl

frag

sulfate (SDS) polyacrylamide gelsde myofibryls montraient que pendant le magasinage aprés la
mort un proteolysis tras limité et tres specifique se presentait dans les proteines myofibrillars
des muscles longissimus et semitendinosus mais pas du muscle psoas major. Un polypeptide
avec le pesant des molécules d'approx imatif 30,000 doltons se présentait dans les proteines
et sub-unité de troponin, troponin T a disparu pendant le magasinage aprés la mort, Un

calcium enzyme fait-actif proteolytic s'était isolé d'aprés la mort des muscles longissimus,

semitendinosus et psoas major. L'activité de cef en

zyme &tait grande en longissimus et semi-

tendinosus. L'incubation de cet enzyme avec "a la mort" myofibrils a produit la degradation
des proteins myofibrillar comme & ceux qui se trouvent en myofibrils de "apres la mort" dans
les muscles longissimus et semitendinosus.
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Postmortem changes in myofibrillar proteins and their relationship to bovine
skeletal muscle tenderization

F. C. Parrish, Jr., D. G. Olson, D. E. Goll and M. H. Stromer

Muscle Biology Group, Departments of Animal Science and Food Technology,
lowa State University, Ames, lowa 50010

Tendemess is one of the most important palatability characteristics of meat. It also is a very
complex characteristic because many variables affect tenderness. Although some of these vari-
ables are understood, the factors responsible for the large increase in tendemess during post-
mortem storage are still enigmatic. Myofibril structure, especially Z-disk structure, is altered
during postmortem storage, but the cause of this structural alteration or how strongly this event
is related to tenderness is still unknown. Although it is clear that postmortem muscle tenderi-
zation is influenced primarily by changes in myofibrillar proteins and not by changes in sarco-
plasmic or stroma proteins, the nature of the myofibrillar protein changes that directly influence
meat tendernessand what causes these changes have not been elucidated,

The purpose of this paper is to describe some of our recent ey ce showing that Z-disk
degradation in postmortem myofibrils is one of the most important factors influencing tenc
zation in beef, and indicating that postmortem Z-disk degradation is caused by a calcium
activated proteolytic enzyme endogenous to muscle,

Materials and Methods

Muscle samples and steaks were obtained from bovine animals weighing 400-500 Kg,
about 18 months of age, and on similar feeding regimes at the lowa State University Nutrition
Farm. At-death samples were obtained from longissimus, semitendinosus and psoas major mus=
cles within one hour after exsanguination, and subsequent samples were removed fram fhe com~-
panion side of the carcass at 1, 2, 3, 6, 7, 10 or 13 days postmortem (not all postmortem times
were used in each experiment).

Wholesale short loins from thirty~five A-maturity carcasses and twelve C-maturity carcasses
were obtained from a commercial packing company., Wholesale short loins of six veal were ob-
tained from animals originating from the lowa State University Dairy Farm, Samples and steaks
were removed after 1 and 7 days of postmortem storage at 2° C,

Myofibrils were isolated from longissimus, psoas major and semite
washings and centrifugations at 2° C in 100 mM KCI, 20 mM K phosphate (pH 7.0), 1 mM
EDTA, and 1 mM sodium azide. Myofibril fragmentation was determined by measuring absorb-
ance of a myofibril suspension containing 0.5 mg/ml of myofibril protein at 540 nm. Myofibrils
were examined with a Zeiss Photomicroscope equipped with phase and polarized light optics.

Troponin was prepared from 100 gm of at-death bovine longissimus according to the proce-
dure described by Arakawa et al. (1970a, b, c) and was further purified by DEAE-cellulose
column chromatography (van Eerd and Kawasaki, 1973).

Crude CAF was prepared from 100 gm of muscle immediately after death and after 1, 3 and
6 days postmortem muscle according to the procedure of Busch et al. (1972) and purified porcine
CAF was prepared according to the procedure of Dayton et al, (1974a, b).

Myofibrils and purified troponin were run on sodium dodecy! sulfate (SDS) polyacrylamide
gel electrophoresis according to the method of Weber and Osborn (1969).

Warner-Bratzler (W-B) shear and sensory panel evaluations were determined on steaks oven-
broiled to 65° C internal temperature. All steaks for W-B shear were allowed to cool to room
temperature (about 25° C) before three 1.27 cm diameter cores were removed and each sheared
twice, Sensory panel members (10) received warm samples to evaluate tendemess, flavor and
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W-B shear force values showed that tendemess increased significantly during postmortem at
2° C for longissimus and semitendinosus muscles, but not for psoas major muscles, Table 1.
Storage at 25° C reduced shear force in all three muscles, but little change was found for
psoas major muscles, Hence, the association between W-B shear force and myofibril fragmen-
tation seems strong,

These initial observations on myofibril fragmentation and W-B shear force during postmortem
storage suggested that a relationship existed between myofibrillar proteins and changes during
postmortem storage. To determine the extent of this relationship, myofibrils prepared from
bovine longissimus muscle (at-death and after 1, 3, 6 and 10 days of postmortem storage at 2°
C), were electrophoresed on SDS 7% and 10% polyacrylamide gels, Between 0 and 10 days
postmortem storage, no major changes (appearance or disappearance of protein bands) occurred
in the bands above actin (myosin and a-actinin); however, obvious changes in protein bands
occurred below actin. The most noticeable change was a gradual decrease and disappearance
of the troponin~T protein band and a gradual appearance of o protein band in the 30,000-dal-
ton molecular weight region. Nearly identical changes were observed in the myofibrillar pro-
teins of the semitendinosus. Both SDS 75% and 10% polyacrylamide gels, however, showed
only very slight changes in myofibrillar proteins of psoas major muscle during postmortem
storage. The troponin T band, which appeared very faintly in these gels, did not completely
disappear during 0 to 10 days of postmortem storage, Likewise only a very faint 30,000~dalton
band appeared at 10 days postmortem, These slight changes in the myofibrillar proteins of
psoas major muscle during postmortem storage are in sharp contrast to the obvious changes in
the troponin-T and the 30,000~dalton bands in myofibrils from longissimus and semitendinosus
muscles during postmortem storage. Moreover, these changes in SDS-polyacrylamide gels
parallel similar changes during postmortem storage in myofibril fragmentation (as observed with
the light microscope), myofibril fragmentation index and W-B shear-force.

Higher postmortem storage temperature (25° C) of carcasses accelerated the changes in myo-
fibrillar proteins of longissimus and semitendinosus muscle, and did not cause additional degra-
dative changes. On the other hand, no major differences were noted between the gels of myo~
fibrils either among days of postmortem storage or between storage temperatures for psoas maj
muscle. TS

A calcium-activated-factor (CAF), endogenous to muscle tissue, has been shown to selec-
tively remove Z-disks and degrade the myofibrillar proteins, troponin, tropomyosin and com-
ponent C (Dayton et al., 1974a, b). CAF was prepared from bovine longissimus, psoas major
and semitendinosus muscles immediately after death and after 1, 3 and 6 days of postmortem
storage ot 2° C, and its proteolytic activity was measured on casein, CAF activity of the
three muscles was maximal at-death and its activity decreased between 0 to 60 days postmortem,
Nearly identical at-death and postmortem CAF activity was noted for longissimus and semiten-
dinosus muscles with the greatest decrease in CAF activity in these two muscles occurring be-
tween 0 and 1 day postmortem. CAF activity from at-death psoas major muscle was less than
half the at-death CAF activity of the longissimus and semitendinosus muscles and it diminished
to almost zero at 1 day postmortem.

To determine the effect of CAF on myofibrils, purified CAF from porcine muscle was in-
cubated with myofibrils from at-death bovine longissimus, semitendinosus and psoas major
muscles, Phase microscopy of myofibrils incubated in fhe absence of CAE showed no structural
damage, whereas myofibrils incubated in the presence of CAF had no Z-disks. To further de-
monstrate the role of CAF, at-death myofibrils from the longissimus, semitendinosus and psoas
r_r;ajgr muscles were incubated in the absence and presenceTCA—Funtmsed on SDS
7%% and 10% polyacrylamide gels. Those gels of at-death myofibrils treated with CAF showed
the absence of a-actinin, troponin-T and troponin-| bands and the presence of a 30,000-dalton
band. These results clearly show that CAF mimics almost exactly the affect of postmortem

juiciness according to an eight point hedonic scale, with a score of 8 being th (1967) oné
Data was analyzed according to methods described by Snedecor and Cochran L
Steel and Torrie (1960),

Results and Discussion
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Initially phase~contrast and polarized light microscopy were used to determin® rem

fragmentation of longissimus, semitendinosus and psoas major muscles during P"Sfmodi o
It was found that the increase in myofibril fragmentation of longissimus and s%m%gw
cles confirmed earlier observations of this phenomenon by Davey and Gilbert 1 (
Fukazawa et al. (1969), Hay et al, (1973), Henderson et al. (1970), Parrish ﬂ.imy
Sayre (1970). Only a slight increase in fragmentation, Fowever, was observed in

from the psoas major muscle during postmortem storage. Yoﬁbfi‘ |

Although microscopy is valuable in visualizing the structural changes in the ™
does not provide a good objective, representative method of determining fragmenf
overcome this problem, a method of measuring the absorbance of a myofibril Sl{SPe
developed, and a myofibril fragmentation index was calculated to give a re|°r"Ve .
degree of disintegration of myofibrils. Fragmentation of myofibrils from lﬁ@%ﬁoﬂ
tendinosus increased substantially during postmortem storage at 2° C, buf fragme" fibri
myofibrils from psoas major increased only slightly, Table 1. Measurement of M/° obs
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measurements can be used to quantitate amount of myofibril fragmentation.

more highly fragmentated than myofibrils from psoas major muscles stored under sif
tions,
Table 1. Effect of postmortem storage (2° C) on myofibril fragmentation
index (FI) and Warner-Bratzler (W-B) shear-force of longissimys
(L), semitendinosus (ST) and psoas major (PM) muscles!
Days of postmortem storage Z
1R [N 3 e
FI2 G
L 49.6+1.3 76.3:0.2
-7 6+1.0
ST 48.8:0.8 7,651
741.0
PM 47.120,9 54,741
=
W—B3 0,12
L 2,60+0,20 2,23:0,17 2,130,
240,11
ST 3.27:0,11 2.72+0.,09 2.64:0- b
+0.17
PM 2,16£0,12 1.94:0,11 1.86:0.1%
o
]Mecns + standard errors of five carcasses. Means not underscored by the samé hia

ficantly different (P<0,05).
2Absorbance per 0,5 mg myofibril protein X 200,

3kg of shear-force per cm.

storage on myofibrillar proteins.

To determine the origin of the 30,000-dalton band, purified troponin Je for
bovine longissimus muscle was incubated with purified CAF from porcine musc Ebaﬂ
20 and 40 min. As incubation time increased from 5 to 40 min, the rropo”'n_T Jecre®
in intensity and almost disappeared at 40 min incubation. The troponin-I band ed 0 b‘
slightly as incubation time with CAF increased, but the troponin-C band uPPEar;O min 17
fected by CAF treatment, The 30,000~dalton band increased in intensity up f© pecaV®
tion and then decreased in intensity as incubation time increased beyond 10 ™" " qin,
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and without CAF treatment was also electrophoresed along with myofibrils from S%, . gels of
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longissimus muscle and at 10 days of postmortem storage on SDS-10% POVYGCFY’T:‘E absen®
The gel of at-death myofibrils (control) showed the presence of troponin-T an )1‘0{852
the 30,000-dalton band. When troponin (with no CAF treatment) was fv“ec”,c'p put the ~
with the at-death myofibrils, troponin subunit bands showed increased in'e””;ywirh the ¢
dalton band was not present, When CAF-treated troponin was electrophorese = the ¥
death myofibrils, however, the troponin subunit bands showed greater intensif/ s pﬂsm‘cr‘
dalton band appeared. Likewise gels of myofibrils from muscle stored at 10 day and-

’ _dalton gsct
showed the absence of the troponin=T band and the presence of the 30,000 d‘:m‘orrem '”m‘ 5
troponin (with no CAF treatment) was electrophoresed with myofibrils from P _dga'h‘
P P of at pand ¥ 4

the troponin-T band appeared in the same location as that shown in the gel _dalton
fibrils. The troponin-l and C bands were of greater intensity and the 30,000 ofibri
of similar intensity. When CAF-treated troponin was electrophoresed with myleﬂ
mortem muscle the 30,000-dalton band increased in intensity, These results © o
the band in at-death myofibrils that disappears from the gel of myofibrils aﬁefoP yofi
cle storage is troponin-T and the 30,000-dalton band that appears in the g¢
postmortem muscle originates from the degradation of troponin-T.
Because myofibrillar proteins, especially troponin-T, are degraded an
fibrillar fragmentation, a study was carried out to determine the relations
mentation to W-B shear force and sensory panel evaluation of loin steaks f
and C-maturity postmortem aged for 1 and 7 days at 2° C, Significant CO”E_
(Table 2) between myofibril fragmentation and W-B shear force ranged from "
and between myofibril fragmentation index and sensory tenderness ranged (rc;
the A- and C-maturity groups. These results closely agree with the reSU_I'S O-mw ar 30
(1973) who found when using a method of measuring myofibril fragmentation ;' gmeﬂ""na
in this investigation, a correlation coefficient of -0.78 between myo“b”l ':nda‘/S pofm
W-B shear force of longissimus muscles from A-maturity bovine carcasses ot
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higher for veal. Hence, myofibril fragmentation index is one of the m
measures between raw muscle attributes and cooked meat tenderness.
fifty percent of the tenderness of beef steaks from A~ and C-maturity
C internally.

carcass

Table 2, Effect of postmortem storage (2° C) on correlation coe
mentation index (FI), Wamer-Bratzler (W-B) shear-force and sen
ness (TEND), flavor (FLA) and juiciness (JU) of longissimus muse
maturity and C-maturity carcasses

les

Veal A-maturity
Days of postmortem storage 7
1 7 1

FlvsW-B  -0.95%%  -0,97#* 0,65+  -0,75¢  -0.68" 0.
Flvs TEND 0,88 0.95%* 0.67** 0.73%* 0.68
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