E 4:1

Ve;énderungen myofibrillsrer Proteine von Rindermuskeln wihrend des postmortalen
Reifungsprozesses

FREDERICK C. PARRISH, JR.

Departments of Animal Science and Food Technology, Iowa State University, Iowa 50011

Die Fragmentierung von Myofibrillen, d.h. die Spaltung von Myofibrillen in kiirzere Bruch-
stiicke an oder nahe der Z-Scheibe wdhrend der postmortalen Reifung von Rindermuskel ist eine
Vesentliche Ursache fiir die Zartheit des Fleisches. Diese Fragmentierung steht in enger Be-
ziehung zu sensorischen und physikalischen Messungen der Zartheit. Untersuchungen sprechen
défﬂr, daB der Calciumaktivierende Faktor (CAF) die Ursache der Fragmentierung ist. Die Be-
ziehung zwischen Myofibrillen-Fragmentations-Index (MFI) und sensorischen Zartheitswerten
macht Uber 50% der Zartheitsverianderungen von Rindersteaks aus (M. long. dorsi von konven-
tionell gereiften Rinderschlachttierkdrpern -A maturity-).In SDS-Polyacrylamid Gelen ver-
schwindet wihrend der Reifung gleichzeitig mit dem Abbau der Z-Scheiben und der Fragmentie-
rung von Myofibrillen auch Troponin T und es erscheint eine 30 000 Dalton Komponente. Unter-
suchungen zeigen, daB CAF fir diese Ver&@nderungen gerantwortlich ist. Hohere Temperaturen
vdhrend der Reifung von Schlachttierkérpern und Ca * Zusatz zu zerkleinertem Muskel be-
schleunigen den Abbau von Troponin und das Auftreten der 30 000 Dalton Komponente. Weiter-
hin findet sich die 30 000 Dalton Komponente nur im zarten aber nicht im z&hen M. long.
dorsi von Schlachttierkdrpern (A maturity). Es wird vorgeschlagen, die myofibrilldre Frag-
mentierung als ein geeignetes Parameter zu vervenden, um das AusmaB der Zartheit von kon-
ventionell behandelten Rinderschlachttierkérpern zu bestimmen.

Changes in myofibrillar proteins during postmortem tenderization of bovine muscle

FREDERICK C. PARRISH, JR.

Departments of Animal Science and Food Technology, lowa State University, Ames, lowa 50011

Myofibril fragmentation, the separation of myofibrils into shorter segments at or near the Z-disk, is a significant event

during postmortem tenderization of bovine muscle, It is strongly related to sensory and physical measures of tenderness and
there is evidence to support the hypothesis that calcium activated factor (CAF) is the causative agent in myofibril frag-
mentation. The relationship between myofibril fragmentation index (MF1) and sensory tenderness scores account for over

50 percent of the variation in tenderness of beef steck from longissimus muscle of conventionally aged A-maturity bovine
carcasses, Coupled with the degradation of Z~disks and fragmentation of myofibrils is the simultaneous disappearance of
troponin T and appearance of a 30,000 dalton component on SDS polyacrylamide gels during postmortem aging. Evidence
shows that CAF is responsible for these changes in myofibrillar proteins. High temperature postmortem aging of carcasses

and Ca?* added to muscle minces accelerate the degradation of troponin T and the presence of the 30,000 dalton component.
Moreover, the 30,000 dalton component is found only in tender and not in tough bovine longissimus from A-maturity carcasses.

Myofibril fragmentation tenderness is suggested as an appropriate term to describe a state of tenderness of conventionally

handled beef carcasses.
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Changements des proteines myofibrillaires des muscles bovins pendant le processus de
maturité post mortem

FREDERICK C. PARRISH , JR.
Departments of Animal Science and Food Technology, Iowa State University, Iowa 50011

La fragmentation des myofibrilles, c'est 4 dire, la séparation des myofibrilles en segments
plus courts & ou pas loin d‘une disque Z pendant la maturation post mortem du muscle bovin
est une raison essentielle pour la tendresse de la viande. Cette fragmentation est en rela-
tion étroite avec des mesurages de la tendresse sensorique et physique. Des é&tudes constatent
que le facteur activant le calcium (CAF) est la raison de 1la fragmentation., La relation entre
1index des fragmentations myofibrillaires (MFI) et des valeurs de tendresse sensoriques

font plus de 50% des changements de tendresse des beefsteaks (M. long. dorsi des bovins
maturés d'une fagon conventionnelle - A maturity -). Pendant la maturation dans les gels
polyacrylamide SDS disparaissent aussi avec la dégradation des disques Z et de la frag-
mentation des myofibrilles Troponin T et une composante Dalton 30 000 apparait. Des ana-
lyses ont montré que CAF est responsible pour ces changements. Des temperatures é&lévées
pendant la maturation des bovins et 1adjonction de Ca®* au muscle concassé accelére la
dégradation de Troponin et 1‘apparition de la composante Dalton 30 000. De plus la compo-
sante Dalton 30 000 est dans le tendre mais pas dans le dur M. long. dorsi des bovins

(A maturity). Il est supposé d'utiliser la fragmentation myofibrillaire comme un paramétre
approprié pour fixer la tendresse des bovins traités d‘une fagon conventionnelle.
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1 B MOWISPUIUIAPYHX BRIKAX B TEUEVUR IIOCHAPTECT'C  CUATYRHY HYUX HUEL
FREDRICK C. PARRISH, JR. Departments of Animal Science and Food Technology, ISU, Ames, Iowa 50011 USA
LAKYJIBTETH MUBOTHO-HEYKN ¥ NUIEBOH Texunonoruu, llraruu?? yEuBepcurer AfomRn

MuoduGpunnapuas parMeHTalua, DpasIeNeEne MUOGUCPUILI Ea 0OJee KOPOTKUE CETMEHTH Ha
OIVSKO OT Z =IUCKa~--BHAUNTEIbHOE NPONCMECTENE B TEUEHNUE NOCMEDPTEOTO CMATYEEUH SHuef
MHIIH. STO CUJNBHO OTHOCUTCA K CEHCOpHHM ¥ (UBMUECKUM UBMEDEHMAM MATHOCTY, U ecTh IarHHe ,
HOTODHE NOILEePHUBEIT NPEINONOtEeHNe, UTO 8KTUBUDOBAHHHYE KaJbLUEN GAKTOD (CAF) =-mpuumumyit
AreHT B MIOGUCPUIIADHON (parMeHTamym. CoOOTEOMEHNS MY MUOQUODUIIAPHHY GparMeHTa-
OVOHHHM VEIEKCOM (MFI) ¥ CUETOM CEeECODHOf MArKOCTY OO0bACEAET BHme 50 mpouerTor yamen-
UUBOCTY MATKOCTY OMGHTENCA U3 MHNIH lopgissimus M3 OGHUHO NOIBEPHENHHX CTEperu
A-spenocTy Guumx Tymex. C jgerpapmamve? g -IucKOB u GparMesTanyed MEOGVOPYIL ecTh
OMNOPDEMEHHOE WCUEBHOBEEME TPONOMUES T 1 MOARJIEHNS KOMIOHSHTE 20 000 LaJBTOHOB Eg
NOMMaKPUNAMUTEHX C [ONELMIOBHM CYIb(aTOM HATDPUA T'EJIAX B TEUEHNE NOCMEDTEOr'O CTaDeHus.
HOHEHE YKOBHFEWT, UTO CAF NpWUMHA, BTMX NBMEEern? B MrOCK OPMINAPHEX Oelkax. [locMeprHoe
CTapenye TyWeK Npu BHCOKOf Temmepartype n npubesnenye Ca®’ K unmeunum tapmam yeropawor
derpafalno Tponorura T ¥ NMOABNEENE KOMTOEEHTZ 20 000 TanbTOHOB. Epome Toro, kommomert
30 000 HaNbTOEOB HAXONMTCA TONBKO B MAPEOT, & He B wmECTHOH OHuef MHIIE longissimus

u3 A-spenocTy Tymex. !modmGpunnApHan GparMeHTAIMOHEAA MATKO0CTH NPEINaraeTca nomnxonamu
TEPMUHOM, KOTODHM OMICHBATH COCTOARNE MAMEOCTY OGHUHO 00paGOTaHEHX OHUMX Tyuex.
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Changes in myofibrillar proteins during postmortem tenderization of bovine muscle

FREDERICK C. PARRISH, JR.

Departments of Animal Science and Food Technology, lowa State University, Ames, lowa 50011

Recent evidence indicates that the changes in myofibrillar proteins during postmortem aging are of primary significance in
determining the level of tenderness of bovine longissimus muscle. Moreover, these changes are mediated by a calcium-active
factor (CAF), a protease endogenous to the muscle cell, and these proteolytic changes are limited and specific. The
purpose of this paper is to present evidence showing that proteolysis of myofibrils during postmortem aging is very likely
caused by CAF and that this proteolysis is related to beef steak tenderness.

The phenomenon of myofibrils breaking into shorter segments at or near the Z-disk during postmortem storage of muscle, termed
myofibril fragmentation, has been observed by several investigators using microscopic methods (Davey and Gilbert, 1967,
1969; Parrish et al., 1973; Olson et al., 1976; Sayre, 1970; Takahashi et al., 1967). Myofibrils isolated from Fday
postmortem-aged bovine longissimus muscle at 2°C and observed under polarized-light or phase~contrast microscopy are
relatively well-ordered, are long (they may contain over 20 sarcomeres per myofibril) and their Z-disks intact (Fig. 1).

As postmortem aging increases, however, myofibrils become shorter, more fragmented, and Z-disks are degraded.

Degradation of Z-disk of bovine, porcine and rabbit myofibrils at different times and temperatures of postmortem storage

has been described by Henderson et al. (1970). The postmortem changes observed with phase-contrast microscopy in
myofibrils from longissimus (L) are similar in myofibrils from semitendinosusy(ST); however, little change can be detected

in myofibrils from psoas major (PM) musclé (Olson et al., 1976). mtIcie

The discovery of a protease endogenous to the muscle fiber that was capable of degrading Z-disk of myofibrils from rabbit
skeletal muscle by Busch et al. (1972) turned out to be of significance to postmortem studies on myofibrillar proteins and
beef steak tenderness. Muscle strips incubated in Ca?+ lost Z-disk structure and the ability to maintain isometric tension,
but strips incubated in EDTA and EGTA maintained their microscopic structure and isometric tension. A protease was isolated
from the sarcoplasm,and its ability to remove Z-disks in the presence and absence of Ca?* was investigated to determine if

It was involved in Z-gisk degradation. The combination of Ca *+ and protease resulted in the removal of Z-disk from
myofibrils. Thus, Ca * was necessary for proteolytic degradation of Z-disk structure, and the factor responsible for Z-disk
fiegradcfion was named calciumactivated sarcoplasmic factor (CASF). Subsequently, Dayton et al. (1975, 1976 a, b)
isolated this protease from porcine skeletal muscle to carry out purification and characterization studies. This time,the
Protease was termed calcium-activated factor (CAF). (CASF and CAF are abbreviations for the same protease.) It was
determined that all Z-disk removing activity eluted in a single peak off of each column and that the five column
C'j"ommogrc:phic procedures produced a 17,800-old increase in specific activity. Subsequently, purified CAF was incubated
with purified myofibrillar proteins, and sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis was used to detect
the possible degradative changes that CAF had on these proteins. It was found that CAF degraded troponin T and |,
tropomyosin and C protein, but not troponin C, myosin, actin or g~actinin.

A limited and specific proteolysis of myofibrillar proteins during postmortem storage of bovine longissimus muscle was shown
to occur by Olson et al. (1977). To accomplish this, myofibrils were isolated at certain postmortem times and then
analyzed on sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis. As it turned out, the sensitivity of SDS
Polyacrylamide gel electrophoresis was essential because only a very subtle change was observed to occur in myofibrils

Tom postmortem aged muscle. That is, there was no change in the major myofibrillar proteins, but there was a change in
a subunit of troponin, troponin T. It was observed that there was a simultaneous disappearance of troponin T and
SPpearance of a 30,000-dalton component (Fig. 2). In addition, high-temperature aging of muscle at 25°C accelerated
the disappearance of troponin T and the appearance of the 30,000-dalton component (Fig. 3) and did not have an effect
on other myofibrillar proteins. Hay et al. (1973) and Penny (1974) had earlier shown the occurrence of a 30,000-dalton
Component in myofibrils isolated from chicken leg and breast muscle and bovine muscle, respectively.

i‘f’ﬁence.showing that CAF was the agent responsible for myofibril fragmentation, Z-disk degradation and the disappearance

isol;pzmn T and the concurrent appearance of a 30,000-dalton component was the incubation of purified CAF with myofibrils

Sfrucfe Frotn at-deq h ovl.ne_muscle. It was demonsirated that CAF, when added to myofibrils resulted in loss of Z-disk

. 6l)1re (Fig. 4.1). an ,‘.myoflbr.lls treated thh CAF and CAF and troponin (CAF-TN) had a 30,000~dalton component (Fig, 5

! . In addition, incubation of purified CAF with purified troponin gave direct evidence that the degradation of troponin-T
@ 30,000~dalton component was caused by CAF (Fig. 7). These parallel effects of incubation of myofibrils with CAF and

Zc’::'f?orrem storage suggest that the limited and specific proteolysis of myofibrillar proteins leading to myofibril fragmentation

Nd improved tenderness is caused by a Ca * activated factor endogenous to the muscle cell.
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Polarized-light and phase micrographs of myofibrils prepared from bovine longissimus muscle ot different times
of postmortem storage at 2°C. (a) Polarized-light micrograph of myofibrils at 1 day postmortem. Both

single myofibrils and fiber pieces are present (X100). (b) Polarized-light micrograph of myofibrils ot 3 days
postmortem. Fiber pieces and myofibrils are more fragmented than those in Figure 1a (X200), (c) Polarized-
light micrograph of myofibrils at 6 days postmortem. Greater myofibril fragmentation is shown than in

Figure 1a and 1b (X200). (d) Polarized-light micrograph of myofibrils at 10 days postmortem. Myofibrils

are highly fragmented (X200).(e) Phase micrograph of myofibrils ot 1 day postmortem (X800). (f) Phase
micrograph of myofibrils ot 3 days postmortem. Myofibrils are fragmented more than myofibrils in Figure le
(X800). (g) Phase micrograph of myofibrils ot 6 days postmortem. Myofibrils are more fragmented than

those in Figure le and 1f (X800). (h) Phase micrograph of highly fragmented myofibrils ot 10 days postmortem
(X500). (i) Phase micrograph of myofibril at 1 day postmortem. Sarcomeres are relaxed, and Z-lines are
prominent (X2000). (j) Phase micrograph of myofibrils at 3 days postmortem. Some fragmentation is observed,
and Z-lines are prominent (X2000). (k) Phase micrograph of myofibrils at 6 days postmortem. Myofibrils are
more fragmented, and Z-lines are less prominent (X2000). (I) Phase micrograph of myofibrils ot 10 days
postmortem. Myofibrils are highly fragmented, and Z-lines are very faint (X2000). From Olson et al. (1976)
and reproduced by permission of the Institute of Food Technologists and the authors, L el
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Figure 2, SDS 7% and 10% polyacrylamide gels of myofibrils prepared from bovine longissimus muscle ot death and ot
different times of postmortem storage at 2°C. (a-e): Note the gradual decrecse of the troponin-T band
and the gradual increase of the 30,000-dalton band from 0 to 10 days postmortem. No other major changes
of other bands are noted. (f~j): Note the decrease of the troponin-T band and the increase of the
30,000-dalton band from 0 to 10 days postmortem. From Olson et al. (1977) and reproduced by permission
of the Institute of Food Technologists and the authors.

We. (Cheng and Parrish, 1978) have provided substantiating evidence that the change in myofibrillar proteins during postmortem

9ging was the disappearance of troponin T and the appearance of the 30,000~dalton component by extracting myofibrils

with si-‘rong salt solution (Hasselbach-Sneider). With dilute salt solution (1 mM Tris, pH 8.5) our results indicated that

::‘Ochnin was a major component released and C protein seemed fo be more exiractable from myofibrils during postmortem
orage, +Moreover, results (Cheng and Parrish, 1977) showing that myofibrils isolated from minced muscle samples treated

With Ca®* had more rapid degradation of troponin T and the concurrent appearance of a 30,000-dalton component, and
°"-°.Wns more 30,000-dalton component in contrast to myofibrils isolated from control and oxalate samples (Fig. 8). In

addition, g-actinin was much more readily extracted with 1 mM Tris, pH 8.5 solution from isolated myofibrilé of control

and Cq2+ samples than it was from oxalate-treated samples (Fig. 9). This evidence suggests that CAF and Ca *have a

Profound role in degradation of myofibrillar proteins and tenderization.

The fragmentation of myofibrils, reported as a myofibril fragmentation index (MFI), and the appearance of the 30,000-dalton
COmponent have been shown to have practical significance, too. A strong relationship between MF I and tenderness

PT"bJe 1) of longissimus muscle from bovine carcasses with varying maturities ond quality has been shown (Olson and

'c"""Shr 1977; Culler et al., 1978). Furthermore, the 30,000-dalton component seemed related to more tender than to

ess tender beef steak (Olson and Parrish, 1977). Indeed, MacBride and Parrish (1977) have recently shown that the
f0r000-da|fon component occurred only in tender and not in tough bovine longissimus postmortem-oged in the carcass

or 1 day ot 2°C (Fig. 10).
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Figure 3. SDS 10% polyacrylamide gels of myofibrils prepared from bovine longissimus muscle ot different times of
postmortem storage at 2°C and 25°C. (b) Note the decreased intensity of the troponin-T band compared
with (a). (d) Note the slight appearance of the 30,000-dalton band and the decreased intensity of the
troponin~-T band. (f) Note the absence of the troponin-T band and the presence of the 30,000-dalton
band. From Olson et al. (1977) and reproduced by permission of the Institute of Food Technologists

and the authors.
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Figure 4.  Phase micrographs of at-death (control) and CAF-treated, at-death myofibrils of bovine semitendinosus muscle
(X2000). Note the presence of prominent Z-lines (control). Myofibrils are fragmented, and Z-lines are
absent (CAF-treated). From Olson et al. (1977) and reproduced by permission of the Institute of Food
Technologists and the author. LN
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Figure 5, SDS-7% and 10% polyacrylamide gels of at-death bovine longissimus myofibrils incubated in the absence and
presence of CAF. (a) Note the presence of ¢-actinin, troponin-T and troponin-I bands. (b) Note the
absence or decreased intensity of ¢-actinin, troponin-T and troponin~-| bands and the presence of bands
in the 30,000-dalton region. (c) Note the presence of &-actinin, troponin-T and troponin~-| bands.

(d) Note the absence or decrecsed intensity of @-actinin, troponin=T and troponin-| bands and the presence
of bands in the 30,000-dalton region. From Olson et al. (1977) and reproduced by permission of the
Institute of Food Technologists and the authors. S

Other evidence supporting a calcium-activated protease as the agent causing tenderization is the work reported by Penny
et al. (1974), They isolated crude CASF from rabbit muscle,and then freeze—dried steaks from bovine semitendinosus
Were reconstituted in a solution of this proteinase. The CASF-reated steaks were more tender than controls, and this
tenderness increase was attributed to a structural weakening of the myofibrils at or near the Z-line.
PreViOUﬂy, the terms "background toughness" due to connective tissue and "actomyosin toughness" due to configurational
changes of actin and myosin in cold-shortened bovine muscle (Locker and Hagyard, 1963; Marsh and Leet, 1966) have
een used fo describe different states of tenderness. We (MacBride and Parrish, 1977) have introduced the term "myofibril
Tagmentation tenderness, " which is related to the fragmenting of the myofibril at or near the Z~disk and the appearance
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Figure 6.  SDS-10% polyacrylamide gels of myofibrils prepared from at-death bovine longissimus muscle and ot 10 days of
postmortem storage in the absence (control) and presence of troponin (TN) and CAF-ireated troponin (CAF -
TN). (b) Note the increased intensities in the troponin subunit bands. (c) Note the presence of the 30,000~
dalton band. (d) Note the absence of troponin-T and the presence of the 30,000 -dalton band. (e) Note
that the troponin-T band is in the same location as in at-death myofibrils (11a). (f) Note that the 30,000~
dalton band and the bands below troponin-C are of greater intensity than when CAF-treated troponin was
not combined with myofibrils (11d and 11e). From Olson et a_[. (1977) and reproduced by permission of the
Institute of Food Technologists and the authors.

of the 30,000-dalton component in tender muscle during postmortem storage of conventionally aged bovine longissimus

muscle. This would seem to be an appropriate term to describe a state of tenderness in conventionally aged carcass beef

because:

(1)  Myofibril fragmentation accounts for about 50 percent of the variation in beef steak tenderness (Culler et ﬂ., 1978;
MacBride and Parrish, 1977; Moller et al., 1973; Olson and Parrish, 1977).

(2)  The presence of the 30,000-dalton component occurs in tender muscle (MacBride and Parrish, 1977; Olson and
Parrish, 1977).

(3)  Astrong interrelationship exists among Z-disk degradation, myofibril fragmentation, the 30,000-dalton component
and beef muscle tenderization (Olson et al., 1976; Olson et al., 1977; Olson and Parrish, 1977).

(4) The relationship is low between sarcomere length and tenderness of conventionally aged bovine longissimus muscle
(Parrish et al., 1973; MacBride and Parrish, 1977; Culler et al., 1978). Admittedly, there are situations where
sarcomere [ength has a very important effect on tenderness. Marsh and leet (1966) and Herring et al. (1967) have
shown that there is a strong relationship between sarcomere length and tenderness when muscle is excised in a
prerigor condition and subjected to cold temperatures. In addition, evidence indicates that composition of
the carcass is a factor in tenderization (Smith et al., 1976). That is, carcasses having more subcutaneous and
intramuscular fat are more tender because of a slower chilling rate and less shortening of sarcomeres.

(5)  There is no significant difference in sarcomere length of myofibrils from tough and tender muscle (Culler et al., 1978;
MacBride and Parrish, 1977).
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Figure 7,  SDS-10% polyacrylamide gels of purified troponin prepared from the at-death bovine longissimus muscle and
incubated with CAF for 0, 5, 10, 20 and 40 min. (a) Note troponin subunits T, | and C. (b) Note the
proteolytic breakdown products in the 30,000-dalton band region and below the | and C subunits. (c) Note
the increased intensity of the proteolytic breakdown products and the decreased intensity of the troponin-T
band. (d) Note the increase in intensity of the bands below the | and C subunits and the decrease in the
troponin-T band and the bands in the 30,000-dalton region. (e) Note the faint bands in troponin-T and in
the 30,000-dalton region and the increased intensity in the bands below the | and C subunits. The troponin=-I
band has also decreased compared with the gel in (b). From Olson et al. (1977) and reproduced by permission
of the Institute of Food Technologists and the authors. ST

Current evidence strongly supports myofibril fragmentation and the 30,000-dalton component re.lcﬁonship to bov.ine
tenderization as the natural (endogenous) tenderization process. This type of tissue disruption is caused by calcium
activated factor, a protease endogenous to the muscle cell.

"M)'Oﬁbril fragmentation tenderness" is an appropriate term fo describe a state of tenderness because of the evidence associated
With myofibril fragmentation and tenderization of conventionally aged beef
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Figure 8. SDS-7%% polyacrylamide gels of protein extracts (H-S solution)

stored at 2°C bovine longissimus muscle (ground muscle control, 1 mM Ca

10mM OXALATE SAWPU P
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from isola%id myofibrils of 10-day postmortem
» 10 mM oxalate sample).

Numbers indicate hours extraction. Myosin heavy chain (myosin HC), Troponin T (TNT), Tropomyosin
(TM), Myosin light chains (Myosin LC), Troponin | (TNI). Protein load: 30 4g. From Cheng and Parrish
(1977) and reproduced by permission of the Institute of Food Technologists and the authors.

Correlation coefficients between myofibril fragmentation index (MFI) and Warner-Bratzler

(W-B) shear values and between MFI and sensory tenderness scores (STS) of longissimus

Table 1.
muscle from different maturity groups.
Days
Maturity Postmortem
Veal® 1
7
A-mofurit)b 1
7
C-maturity® 1
7
A, B, C and E maturityd 10-14

9Six veal

35 carcasses
€12 carcasses
d78 carcasses

* Significant at the 5% level
** Significant ot the 1% level

MEIvs WB

~0.95%*
-0.97**

-0.65**
-0.75**

-0.68*
-0.72*

-0.72%*

MFI vs STS

0.88
0. 95%*

0.67**
0.73**

0.68*
0.65*

DL75%*
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Figure 9,  SDS-73% polyacrylamide gels of protein extracts (1 mM Tris, pH 8.5 solution, Fhr extraction) from isolated
myofibrils of bovine longissimus muscle at-death (lo) and with different treatments (I, ground muscle control;
I, 1 mm Ca“* sample; 11I, 10 mM oxalate sample) postmortem-stored at 2°C (a) or ot 23°C (b). Troponin T
(TNT), Tropomyosin (TM). Protein load: 10 4g. From Cheng and Parrish (1977) and reproduced by
permission of the Institute of Food Technologists and the authors.




Figure 10.

Ny s
SDS-7%% polyacrylamide gels of myofibrillar proteins extracted with high ionic-strength salt solution (0.6 M
KCI, 0.1 M K phosphate, pH 7.4) from 1 day postmortem (2°C storage) bovine tough (Tg) and tender (Td)
longissimus muscle. Myosin (M), actin (A), troponin T (TN-T), tropomyosin (TM) and 30,000 (30, 000-dalton
component). Note the presence of the 30,000-dalton component in the tender sample and the absence of the

30,000-dalton component in the tough sample. Protein load: 25 ug. From MacBride and Parrish (1977)
and reproduced by permission of the Institute of Food Technologists and the authors.
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