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A ction

S ! * 11 known that pH and temperature a ffe c t  the quality  o f meat during early  postmortem storage o f muscle. 
? W  * l .  (1978) have demonstrated that the pH of muscle when rigo r sets in  is  a c r i t ic a l  factor in

n8 the Intensity  o f the r igo r tension of muscle and the intensity o f r igo r tension decreases with 
%  the pH. The in tensity  of r igo r tension is  probably determined by the extent o f overlapping o f the
ti ^«n thlck filanents (Gordon et a l . ,  1967; McGrath and Dos Remedios, 1974).
s N t t r 86 ln the texture o f muscle a fte r  slaughter is  partly  controlled by postmortem conditioning. 
l9i stimulation is  a usefu l method fo r con tro llin g  the quality  of meat a fte r  slaughter (Cross, 1979).

^ t n e  ature conditioning accelerates the breakdown of ATP and pH f a l l ,  re su lt in g  in  the increase of
s a ®8 ^ e s t ,  1979, Marsh, 1954).

®«ny extensive studies demonstrating the s ign ific an t co rre lation  between postmortem storage conditions 
^  bh® properties of m y o fib r illa r  proteins (Wolfe and Samejima, 1976; Samejima and W olfe, 1976;

N n  ? at a l . ,  1 9 7 7 . Cheng and Pa rrish , 1978). I t  has been considered that (1 ) a lte ra tion  of actin -
t0 ^ teraction, and (2 ) a loss o f Z -lin e  structure , and (3 ) degradation of m y o fib r illa r  proteins, probably 

¡ X i n t  action o f calcium activated factor (CAF) and cathepsins, and (4 ) degradation o f collagen are the 
h> M v ^ iasic factors in fluencing the tenderness of meat a fte r  slaughter.
>  acti * We have shown by in vestigating the double recip rocal p lots o f acto-heavy meromyosin (HMM) ATPase that ! i •   t   a. ___ j a i  mho s i n  a n * r  ( t t r\ A t  a1 . . 19 7 8) .V  e "ave  shown by in v e s t ig a t in g  the double r e c ip r o c a l  p lo t s  o f  acto-neavy^m erom yosin vimn

obi» °aIn in teraction  increases with increasing storage time o f muscle at 0*C (I t o  et a l . ,  1978) 
ive ° f  the present study was to investigate the e ffe c t  of high tenperature conditioning 6n the 

■„ Mature o f the actin-myosin in teraction .

X *
***& METHODS

g S  to rabb*ts were anesthesized with sodium pentobarbital (90 mg) and d-tubocurrarine chloride (15 mg) in  
v !<0a]taVoid the pH change o f muscle due to starvation  or exhaustion. A fte r exsanguination, the carcasses 

ln 10 a «  sodium azide to retard  b ac te r ia l growth, wrapped ln polyethylene bags and kept in  a 
tcasse ^ f ° r  0, 2, 6 , 9 and 12 hr at 37°C. Longissimus thoracis and white hind le g  muscles from at-death  

8 (with in  15 min a fte r  exsanguination) and aged carcasses were used in  the present study.

4 ^  HMM

h}7'bs«, PrePared from acetone dried powder by the method o f Spudich and Watt (1971), except that
V  °>5 !wlon o f G -actin was induced by d ialyzing against about 100 vo l o f d ia lyzing so lu tion  containing 50 nM

'mercaptoethanol overnight at 0*C. Myosin was extracted from at-death muscle with a Guba-Straub
V  0>l5 ud a ls o  e x tr a c te d  from h ig h  tem perature s to r e d  m uscles w ith  a m o d ified  Guba-Straub s o lu t io n  (0 .3  M

5 ll0 sphate  » 2 nW e t h y l e n e g l y c o l - b i s - (2 -a m in o e t h y le t h e r )-N ,N ,N *  , N '- t e t r a a c e t i c  a c id  (EGTA) , 5 nM

Prepared according to Tonomura e t a l .  (1961) and stored at -20*C in glycero l so lution  containing 1 nM 
° ^'582 *** /3'mercaptoethanol b u ffe r  un til use. HMM was prepared by the method of Lowey and Cohen (1962) 

pij a*>®oniuffi su lfa te  saturated fraction  was obtained as described previously (I to  et a l . ,  19. a ;.

0 >  tv0
of longissimus muscle was cut from carcasses and homogenized in  10 ml o f so lution containing 

5 B« sodium iodoacetate, pH 7.0, using a Waring Blender. The pH value was measured with a
a F-7 pH meter.

b
dty ° f  m y o fib r illa r  proteins

W/ ra Prepared by the nethod o f Briskey and Fukazawa (1971). M y o fib r illa r  proteins were extracted from 
) ,s N h . !„ for  15 min at 5*C with Hasselbach-Schneider so lu tion  (0.6 M KC1, 10 nM sodium pyrophosphate, 0.1 M 

**1 ATp ’ 1 ®M MgCl2, pH 6.4 ) and KI so lu tion  (0.6 M K I , 6 nM sodium th io su lfa te , 2 nM ^Q-mercaptoethanol,
* 20 mM Trls-HCl, 7.5).V

Aff 'Alp
AfP«

S ° ' S mLa?t lv l t y was measured under the condition o f 0.25 M KC1, 20 ^ J ^ s - H C l i p H  7.5) , 10 nM CaC lj, 2 nM 
K' 1 **,*¿1* ®yosin and the condition fo r determining EDTA-ATPase was 0.5 M KC1, 20 M  « • - « *  (pH 7 .5 ),  ImM 

ATp> 0.5 mg/ml myosin. The reactions were stopped by adding equal volume of 10Z trich lo roacetic

«a cited in this paper are being considered elsewhere fo r  publication  in  con^lete form.

* ^ress; Yung Nam Un iversity , Dae Gu, Korea.
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acid and the Inorganic phosphate liberated  was determined by the method o f Fiske and Subbarow (1925) . 

Actomyosin ATPase activ ity

Intact myosin from at-death muscle was added to F -actin  prepared from high tenperature stored muscle. Tbe 
ATPase activ ity  of the resu ltin g  actomyosin was measured in order to estimate the denaturation o f actins y 
prepared from the muscles stored at high temperature (37*C) under the fo llow ing condition; 57.5 mM KC1, ^  
Tris-HCl (pH 7 .5 ),  2 mM MgC^, 2 mM ATP, 0.6 mg/ml in tact nyosin and 0.3 mg/ml F -actin  prepared from higi1 
temperature stored muscles.

Actin -activated HMM ATPase

The actin activated HMM ATPase activ ity  was determined in  a medium containing 40 mM KC1, 1 nM MgCl«, 2 ^  ^  
and 10 mM Tris-m aleate (pH 7 .0 ). The concentration o f actin varied between 0.5 and 2.5 mg/ml with consta® 
amount o f HMM (0.2 mg/ml).

Protein concentration

Protein concentration was determined by the b iu ret reaction which had been standardized with bovine seruw 
albumin (G om all et a l . ,  1949).

RESULTS AND DISCUSSION

Figure 1 shows the change of pH value of muscles and the ex trac tab ility  of m y o fib r illa r proteins during ^  
postmortem storage at 0 and 37°C. The pH value o f longissimus muscle stored at 0°C gradually f e l l  during 
hr storage, while that o f the muscle stored at 37®C f e l l  rapidly and attained the ultimate pH value afte* ^  
4-9 hr storage. No apparent change was observed in  the ex trac tab ility  of m y o fib r illa r porteins during 1* oC 
storage at 0°C. However, when muscle was stored at 37°C, the ex trac tab ility  o f m y o fib r illa r proteins did 
change during the f i r s t  2 hr storage and i t  decreased rapidly during prolonged storage in the case of bo 
Hasselbach-Schneider and KI so lutions. I t  is  known that a pH f a l l  and high temperature could a ffec t the j 
properties of n y o fib r i l la r  protein (Yasui et a l . ,  1973; Yamamoto et a l . ,  1979). The present re su lt (Fig* 
indicate that short time treatment o f lew pH and high temperature show no appreciable e ffe c t  on the pr0Pe 
of m y o fib r illa r proteins in muscle, although prolonged treatment o f them induced the denaturation of 
m y o fib r illa r proteins.
Synthetic actomyosin (0 hr myosin + 0-12 hr F -actin ) ATPase activ ity  was investigated in  order to estima^ 
denaturation o f F -actin , Actomyosin ATPase activ ity  was s ligh t ly  decreased with increasing storage tim8 c V s' 
(F ig . 2 ). Figure 3 shows Ca^+-  and EDTA-modified ATPase a c t iv it ie s  o f myosin prepared from postmortem ®

Fig. 1. Time dependent change of p H  of muscle and extractability of 
myofibrillar proteins during p o s t m o r t e m  storage at 0°C (closed symbol) 
and 37°C (Open s y m b o l ) .
pH of muscle at 0°C, -#- ; pH o f  muscle at 37°C, -O- . Extractability. 
of m y ofibrillar proteins was e x t ressed as percentage of the t o ta l  protein  
in myofibril suspension. ■  , 0 #C-KI solution; □  , 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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Pi 3,eictiv ^ *. Chan9es in Ca2+ anâ EDTA-ATPase 
It>Usmlties of myos i n  during storage of 
bo4.®r® at 3 7 °C.lOttpj 7- ' '"94.DTA-ä l l n e * C a z - A T P a s e ; Solid line, 
^îtis i « Se ‘ Vertical lines represent

±  S.E.M. (n=3).

Fig. 2. Change in the ATPase activity of 
synthetic actomyosin prepared by mixing 
intact myosin w ith F-actin from stored 
muscle at 3 7 °C.
Vertical lines represent means + S.E.M. 
(n=3).

l/ (A c tin ] (m g / m l)H

Fig. 4. Double-reciprocal plots of actin-activated HMM ATPase 
versus actin concentration.
A c tin and H M M  w ere pr e p a r e d  from at-death and high temperature 
(37°C) stored muscles. Acto-HMM from at-death muscle, •  ;
Ac to-HMM from 2 h r  p o s t m o r t e m  muscle, A ;  Acto-HMM from 6 h r  
p o s t m o r t e m  muscle, ■  ; Act o - H M M  from 12 h r  po s t m o r t e m  m u s c l e , O .  
Vertical lines represent means ± S.E.M. (n=3).
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No appreciable change was found in ATPase a c t iv it ie s  during 2 hr storage at high temperature, but both 
ac t iv it ie s  decreased during prolonged storage, re
Figure 4 shows the double recip rocal p lots o f actin activated HMM ATPase o f muscle stored at high tempera „
fo r  designated times. From this figu re , we can calcu late the ATPase o f  the HMM at in fin ite  actin concentr
(Vmax) and the apparent d issociation  constant (Kapp) fo r the acto-HMM complex from the intercepts on the
ordinate and absc issa ,respective ly . From the in tercept on the abscissa in  Figure 4, i t  was observed the ^
the binding of actin to HMM was gradually weakened during storage at 37*C. The maximum ve lo c it ie s  (Vmax; 
apparent d issoc iation  constant o f at-death , 2, 6 and 12 hr stored muscles were presented in  Table 1. 1u**
I t  was found that high temperature conditioning weakened the a ff in ity  o f actin fo r  nyosln, while lew te 
conditioning strengthened i t  (Table 1 ). In addition , the present resu lts also indicate the importance 
o f conditioning temperature fo r con tro llin g  meat qu a lity , because the conbination o f low pH and higr. 
temperature greatly  a ltered  the properties o f m y o fib r illa r  proteins (F ig s . 1-4 and Table 1 ). of
In conclusion, high temperature (37“C) conditioning fo r  a lim ited time (w ithin 2 hr) prevents the incre 
the a ff in ity  o f actin fo r myosin without denaturation of m y o fib r illa r proteins.
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Table 1. Actin-Activated HMM ATPase of at Death and Postmortem Muscles Stored at 37°C “

(¿1 moles
Vmax

of Pi/min.mg of HMM)
Kapp 

( M )

At death muscle 
(0 h r )

6.67 1.79 X H* O
1

2 hr stored muscle 6.67 1.79 X io "4 
-4

6 hr stored muscle 13.33 3.57 X 10
-4

12 hr stored muscle 26.67 9.48 X 10

24 hr postmortem muscle ( a t o * c ) b 3.70 6.80 X 10"5

168 hr postmortem muscle(at o #c ) b 2.70 3.72 X 10“ 5

a: The values were calcu lated from the p lo ts o f Figure 1. The values represent an average 
o f three determinations,

b : Cited from Ito  e t a l . , J. Agric. Food Chem. 26:324 (1978).
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