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It s

E:“ml b knom that pH and temperature affect the quality of meat during early postm:r;emlstf:or:ge :i muscle.
e ts in is a critical factor
te al. (1978) h demonstrated that the pH of muscle when rigor se
%Qr:"ining the in)tan:rt!y of the rigor temsion of muscle and the intensity of rigor tension decreases wilf:hthe
'[hi“ :ﬁng the pH, The intensity of rigor tension is probably determined 3};4;:“ extent of overlapping o
¢ thick f1laments (Gordon et al., 1967; McGrath and Dos Remedios, 1 5
Elec:}:nge in the texture of muscle afts:r sla\t\ghter is partly controlled by postmortem conditiotéing. .
Hi&h t B Stimulation is a useful method for controlling the quality of meat after slaughter (Cross, : .
tendﬁ e%etat“r(‘! conditioning accelerates the breakdown of ATP and pH fall, resulting in the increase o
e 00® (West h, 1954).
;f m:a‘;e hany e;(t::zz:rensazidies deznonstrating the significant correlation between posj:morte: ;t;;agelggzc.litions
Ry, * and th teins (Wolfe and Samejima, 1976; Samejima and Wolfe, 3
ties of myofibrillar proteins Skl

M'%to o “ 1977 G has been considered that (1) alteration of actinm

L al. ; d Parrish, 1978). It has
te tz 1“"‘“;0‘1197;,“102;;133&!{085 of Z—]'.ine structure, and (3) degradation of myofibrillar proteins, Pf:::bly
::JQ‘ htlhe action of calcium activated factor (CAF) and cathepsins, m\g: (4) degradation of collagen are
Yngy, Tinsic t influencing the tenderness of meat after slaughter.
b oYy, we have&:hg:nsl b; i:vestigating the double reciprocal plots of acto—heavy.meromyosin iﬁm&)lgg'gase that

Obien, ¥O8in interaction increases with increasing storage time of muscle at 0°C (Ito eti: :i., 1 th;
Qh&"‘iﬁa;etive of the present study was to investigate the effect of high temperature conditioning
Wy Rature of the actin-myosin interaction.
Ty

N S 4D Memops

~f
:qu! etd Tabbits yere anesthesized with sodium pentobarbital (90 mg) and d-tubocurrarine chloride (15 mg) in
v*re 300 &void the pH change of muscle due to starvation or exhaustion. After exsanguination, the :arcasses
Qat,kh:k‘d in 10 mM sodium azide to retard bacterial growth, wrapped in polyethylene bags :nd I;tz; .:-:eath
“Q“M:h for 0, 2, 6, 9 and 12 hr at 37°C. Longissimus thoracis and white hind leg muscles
h

sent study.
Attl Within 15 min after exsanguination) and aged carcasses were used in the pre y

1), except that
Prepareq £ t dried powder by the method of Spudich and Watt (1971),
iy 0 5““"m of G-:Z‘:i:c:a:ninduced b)p' dialyzing against about 100 vol of dialyzing solution contaiuzingtSOUbnﬂ
kg} 1;’h ﬁ‘mlrcaptoethanol overnight at 0°C. Myosin was extracted from at—deaﬁ: nnsxsclibwit}i :ign ?5 31‘;

' 0, o also d from hi temperature stored muscles with a modified Guba-Straub solu .
:5(:1§ Q:;i l5{ ph"sph:::mgt:ﬁ eth;lenf;lycolvbis—(z-ammoethylether)-N,N,N’,N'—tetraaoetic acid (EGTA), 5 mM

Og »
Ry, R uM ATP 5
'II::A Qn:a; pr‘Parec’l zzcgrfl:)mg to Tonomura et al. (1961) and stored at -20°C in glﬁcezoll‘ozzlu;i;gn(:;:::d(.;;zg)l oM

qz‘Saz [3-mercaptoethanol buffer until use. HMM was prepared by the method o y

&

By onium sylfate saturated fraction was obtained as described previously (Ito et al., 1978).
Val\le
Qut
‘ 1 of solution containing
Hlts quzrm of longissimus muscle was cut from carcasses and homogenized i; 101|n e
.th‘l-l ad 5 mM godium iodoacetate, pH 7.0, using a Waring Blender. The pH value
Ektr °riba p-; pPH meter.
thah
“Yofu, Uty of wyoesbrillar proteins
ottt teins were extracted from
R‘:ﬁihrill: ‘;Ere Prepared by the method of Briskey and Fukazawa (1971). Myofibrillar prote

dium pyrophosphate, 0.1 M

0.5 Y8ph O 15 min at 5°C with Hasselbach-Schneider solution (0.6 M KCIl, 10 mM so .

Sm A;'Ee’ L my M8C1‘2‘, pH 6.4) and KI solution (0.6 M KI, 6 mM sodium thiosulfate, 2 mM /S-mercaptoethano s
* 20 uM TriglHC1, 7.5).

iy “Anp

o H 7.5), 10 mM CaClp, 2 mM
tgg 0.5 e 2CtLV d under the condition of 0.25 M KCl, 20 mM Tris-HCL (p ;
DTA' 1 W/ Woznw:dmt::uzzndﬁion for determining EDTA-ATPase was 0.5 M KC1, 20 mM Tris-HCl (pH 7.5), 1lmM

Q/uﬂ myosin, The reactions were stopped by adding equal volume of 10Z trichloroacetic
2\
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acid and the inorgamnic phosphate liberated was determined by the method of Fiske and Subbarow (1925).

Actomyosin ATPase activity

Intact myosin from at-death muscle was added to F-actin prepared from high temperature stored muscle. The
ATPase activity of the resulting actomyosin was measured in order to estimate the denaturation of actins o
prepared from the muscles stored at high temperature (37°C) under the following condition; 57.5 mM KCl, 11
Tris-HC1l (pH 7.5), 2 mM MgCl,, 2 mM ATP, 0.6 mg/ml intact myosin and 0.3 mg/ml F-actin prepared from high
temperature stored muscles.

Actin-activated HMM ATPase

Vi3
The actin activated HMM ATPase activity was determined in a medium containing 40 mM KC1, 1 mM MgCl,, 2 mM‘:‘
and 10 mM Tris-maleate (pH 7.0). The concentration of actin varied between 0.5 and 2.5 mg/ml with consté?
amount of HMM (0.2 mg/ml).

Protein concentration

Protein concentration was determined by the biuret reaction which had been standardized with bovine seru®
albumin (Gornall et al., 1949).

RESULTS AND DISCUSSION

Figure 1 shows the change of pH value of muscles and the extractability of myofibrillar proteins during
postmortem storage at 0 and 37°C. The pH value of longissimus muscle stored at 0°C gradually fell during
hr storage, while that of the muscle stored at 37°C fell rapidly and attained the ultimate pH value aftél hr
4-9 hr storage. No apparent change was observed in the extractability of myofibrillar porteins during 12 not
storage at 0°C. However, when muscle was stored at 37°C, the extractability of myofibrillar proteins d dh
change during the first 2 hr storage and it decreased rapidly during prolonged storage in the case of bot
Hasselbach-Schneider and KI solutions. It is known that a pH fall and high temperature could affect the
properties of myofibrillar protein (Yasul et al., 1973; Yamamoto et al., 1979), The present result (Fig ¢ies
indicate that short time treatment of low pH and high temperature show no appreciable effect on the proPer

of myofibrillar proteins in muscle, although prolonged treatment of them induced the denaturation of
myofibrillar proteins. e the
Synthetic actomyosin (0 hr myosin + 0-12 hr F-actin) ATPase activity was investigated in order to estimat
denaturation of F-actin. Actomyosin ATPase activity was slightly decreased with increasing storage time cles’
(Fig. 2). Figure 3 shows Ca?*- and EDTA-modified ATPase activities of myosin prepared from postmortem mit
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Fig. 1. Time dependent change of pH of muscle and extractability of
myofibrillar proteins during postmortem storage at 0°C (closed symbol)
and 37°C (Open symbol).

pH of muscle at 0°C, -@- ; pH of muscle at 37°C, -O- . Extractability
of myofibrillar proteins was extressed as percentage of the total protell
in myofibril suspension. W , 0°C-KI solution; O, 37°C-KI solution;

A , 0°C-Hasselbach-Schneider solution; A , 37°C-Hasselbach-Schneider
solution. Vertical lines represent means + S.E.M. (n=3).
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acgi ?-_Changes in Ca2+ and EDTA-ATPase Fig. 2. Change in the ATPase activity of
musC¥1t1e5 of myosin during storage of §ynthetic agtomyosin pre?ared by mixing
Dot € at 37°c, intact myosin with F-actin from stored
EDTie line, Ca2+—ATPase; Solid line, muscle at 37°C.
nean‘ATpaSe_ Vertical lines represent Vertical lines represent means + S.E.M.
S+ S.E.M. (n=3). (n=3).
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Fig. 4. Double-reciprocal plots of actin-activated HMM ATPase
versus actin concentration.

Actin and HMM were prepared from at-death and high temperature
(37°C) stored muscles. Acto-HMM from at-death muscle, @ ;
Acto-HMM from 2 hr postmortem muscle, A ; Acto-HMM from 6 hr
postmortem muscle, W ; Acto-HMM from 12 hr postmortem muscle, O.
Vertical lines represent means t S.E.M. (n=3).
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No appreciable change was found in ATPase activities during 2 hr storage at high temperature, but both’
activities decreased during prolonged storage. -
Figure 4 shows the double reciprocal plots of actin activated HMM ATPase of muscle stored at high tempef““riog
for designated times. From this figure, we can calculate the ATPase of the HMM at infinite actin conceﬂ“’t
(Vmax) and the apparent dissociation constant (Kapp) for the acto-HMM complex from the intercepts on the
ordinate and abscissa,respectively. From the intercept on the abscissa in Figure 4, it was observed that
the binding of actin to HMM was gradually weakened during storage at 37°C. The maximum velocities (Vmax) =
apparent dissociation constant of at-death, 2, 6 and 12 hy stored muscles were presented in Table 1.

It was found that high temperature conditioning weakened the affinity of actin for myosin, while low te
conditioning strengthened it (Table 1). In addition, the present results also indicate the importance
of conditioning temperature for controlling meat quality, because the combination of low pH and high
temperature greatly altered the properties of myofibrillar proteins (Figs. 1-4 and Table 1).

In conclusion, high temperature (37°C) conditioning for a limited time (within 2 hr) prevents the incre
the affinity of actin for myosin without denaturation of myofibrillar proteins.
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Table 1. Actin-Activated HMM ATPase of at Death and Postmortem Muscles Stored at 37"Ca

Vmax Kapp

(n moles of Pi/min.mg of HMM) (M)
At death muscle 6.67 1.79 X 1074

(0 hr)

2 hr stored muscle 6.67 1.79 x 1074
6 hr stored muscle 13.33 3.57 X 10-6
12 hr stored muscle 26.67 9.48 X 10”2
24 hr postmortem muscle (at O'C)b 3.70 6.80 X 10-5
168 hr postwortem muscle(at 0°C)° 2.70 3.72 X 1070

a: The values were calculated from the plots of Figure 1. The values represent an averagé
of three determinations.
b: Cited from Ito et al., J. Agric. Food Chem. 26:324 (1978).






