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V >hat
Pos t-m or tem  b iochem is try  is one of the fundamental blocks of meat sc ience. It d esc r ib es  the trans-

. ye l0n of muscle to meat. Most s tr ik ing advances in our knowledge within this f ie ld  have been made during 
Many ars after W or ld  W ar II. These have contributed generous ly  to our understanding of meat as food, 
tag- ejiellent r e v iew s  of the advances in the p os t-m or tem  b iochem is try  have been presented  at these meat
'ood#ich con ferences during the y ea rs  as w e l l  as at other m eetings, con ferences  and con gresses  devoted to 

Science, animal science o r  r e f r ig e ra t io n .  I shall-today confine m yse l f  to a rather  persona l v iew  of the 
advances within this f ie ld  as a key note to further de l iberations  about the topic.

—Si  between muscular pos t-m or tem  b iochem is try  and meat quality.
Thea
'tbetsa'tty rela ted  ever.ts in the immediate post m ortem  per iod  is, 1) the developm ent of tension in the muscle 
f‘bers as a result of the m y o f ib r i l la r  A T P a s e  activ ity ,  and 2) the anaerobic  g lyco ly s is .  I f the tension in the 
'tact e f f ic ien t ly  counter balanced by some kind of stretch on the muscle, the muscle  f ib e rs  w i l l  con-

_ 0ughness and decreased  water  holding capacity of the meat w i l l  be consequence.
f oKi r> ~ 1. 1 T Z   — 1   t n on in r-\ T-I rlononrlortt nnnn t" b 3 m  Oil Tit O f Tg ly co ly s is  brings about a d ec rease  in pH, dependent upon the amount of res idua l g lycogen  in 

and occurs  at var ious  ra tes . The rate of g ly c o ly s is  depends on the nervous and horm onal sti-  
e tv/°n oi the muscle  f ib e rs  In genera l  w i l l  pH decrease  resu lt  in a decrease  in w ater  binding capacity  of 
St-

n, 2r°b i
O n c l e s  
thf atl°
Po - a t^  and, at least fo r  certa in  m uscles , a tendency towards increas ing  toughness. With increas ing  rate of 

<the a° rtern pH fa l l  the e f fe c ts  on w ater  holding capacity and toughness w i l l  g rea t ly  acce le ra te .  
the Phase of the p os t -m or tem  period  we w i l l  see the aging p rocess ,  which encompass a degradation

lCi‘easiyo f i^r i l l ar structure. Within reasonable  l im its  the aging p rocess  tend 1) to im prove  texture towards 
tenderness and 2) in c rease  water  holding capacity . *

.tension in muscle  f ib e rs .

ance of papers  have been published about "co ld  shorten ing" and "thaw r i g o r "  and d iscussed in e x c e l -  
lews (ex. Bendall 1973). In short, the resu lts  have shown that the rates of A T P  turn o ve r ,  which de-

4., delay pha se of r ig o r  m ort is is highly tem perature  dependent. High rates g ive short delay phase.

8se
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delay phase in beef muscle is  short, tension in the f ib e rs  at the onset of r ig o r  is quite s e ve re  (Sink 

A7b5)#
Usl,toïï\ 37° and Newbold (1967) showed that the delay phase of r ig o r  in c reased  as the tem perature  was low ered  

J" "* 1 8 ° *° ^ ° C ,  but the phase decreased  f ro m  1 5°C to 1 C. In poultry is  f ib e r  shortening m in im al at
C (Smith et al. 1969). When the m uscles  are kept at about 15” C until r ig o r  has p rec ip ita ted  tension 

num and only minimum shortening w i l l  resu l
sed in the "hot boning" procedure .  The developm ent of tension, and length of the

is at a minimum and only minimum shortening w i l l  resu lt even when the f ib e rs  are f r e e  to con- 
t̂ 'ay Pr ir>ciple is us
toUo't ”uKh &Se r igor, are also influenced by an te -m ortem  fa c to rs  as s tress  or  death struggle , as w e l l  as 

° Pt>uu.^°s^_rrio r tem  adm inistrat ion of calc ium ch lor ide , d in itro f luorobenzene or  iodoacetate. Th is  applies
(I

-facto

°uitr

ke
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'ste- , ^ ^ r east meat (Khan 1975, Kahn and Nakamura 1970), to beef (Kahn and Len tz  1973) and to pork
■ r '969). - ■ ~ ~  *-------------

lth
C  PfeveDy tre

These fac to rs  or  treatm ents  usually a cce le ra te  g ly c o ly s is  and A T P  turn ove r
in the contro l of de lay phase is the r e lease  of calc ium  ions f ro m  the sarcop lasm ic  ret icu lum 

Jtlediate ante- and p os t-m or tem  period .  T rea tm en ts  of the animals with t ran qu il iz e rs  o r  curare, 
"Verit the r e le a s e  of Ca by subduing nervous s tim uli (Bendall 1966, Khan 1974, Sair et al. 1970),

The resulte'a v l j trrient of intact muscle with M g C l ,  immediate ly  a fter  death, m in im ize  A T P  turn ove r  
K r„.. d r igo r  and recjuced f ib e r  tension. Magnesium  is known to p revent r e lease  of Ca f ro m  the sarcop las-

. . . .   ̂ tt' T~\ -T- a __ c-c -t a  whichge,9UesteCulum by blocking the neurom uscular junctions. A n te -m o r tem  in jection of E D T A  or E G TA ,  
j. ** '"a, also tends to reduce r ig o r  contraction (W e in er  and P ea rso n  1966)
leu6 the stirnulation of muscle  im m ed ia te ly  p os t-m or tem  has been shown by a number of w o rk e rs  to a c ce le -  
Jt>7 , c _P°st-m ortem  p ro c es s e s  (Harsham  & Deatherage 1951, Hallund & Bendall 1965, F o r r e s t  & B r is k e j

Theto ............................
of

to in c reased  muscle tension at r i g o r  this appears1973). Although this stimulation m^ght g ive  rise 
offe 6 case when the muscle  is kept at 15 C.

°1 f ib e r  contraction on the meat quality is under p rac t ica l  conditions int imately  l inked to the e f fec t

th.
Po

e f
r e Sulting f r o m  the p os t-m or tem  g ly co ly s is .  The rate and extend of the g lyco ly s is  is c lose ly  connec-f -s _ A r  - . -- , 1 ____ • J I C C_______ _  ̂ +V. q  ̂F .a e „U

St
actors of im portance fo r onset of r i g o r .  We doy how ever ,  have specie  d i f fe ren ces  in the net resu lt  
M ortem  events on meat quality. In pork we obse rve  var ia t ion  in co lo r  and water  holding capacity 
w ith PSE (p a le -so f t -exu da t ive  meat) as the consequence of a cce le ra ted  g lyco ly s is  and fast onset 

rv - - ‘.■lvjii xn toughness of the cooked or  roasted  meat is  not of m a jo r  im portance (F lynn and B ram - 
.. • poultrv  and beef we see the combined e f fe c ts  of the r ig o r  events as var ia t ions  in toughness

b u > * .  v Wlth.p s
1 97 n;\ a r âtion in

* ln poultry and beef we
v^d (q’1Ve ^ in o r  im pacts  on co lo r  and w ater  holding capacity although they can som etim  

r ° j a & N iew ia ro w ic z  1973)

e s be eas i ly  ob-

iç „i
"  i^ c o ly s is  in pork muscle .

PorkW n *in
Stt>er-prk W uscles are rem arkab le  by an e x t r e em ly  rapid rate of post m ortem  g lyco ly s is  (Ludv igsen  1954, 

rq Scle f., ®dersen 1959). The phenomenon takes place in m uscles  with fa i r l y  high concentrations of white
e r s. It occu rs  when hered ita ry  susceptib le p igs  are exposed to s tress  situations im m e d ia t ly  post- 

sVh slaughtered with fa i r l y  high g lycogen  depots in the m uscles  (B r isk ey  1964, W is m e r -P e d e r s e n  
esm a  19 7 2) _
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might be a * ,It is not c lear ,h ow ever ,  which mechanism in the m uscles t r i g g e r  off the rapid g ly c o ly s is .  It = ..

sive stimulation of p e r fe c t ly  norm al muscle  f ib e rs  through the nervous system  or  through abnormal , j9 
le v e ls  a f fect ing  the blood supply to the f ib e rs  or  d ire c t ly  stimulating the f ib e r s  (L i s t e r  et al. 1967, tjble 
In addition to the e f fe c t  of these ex tra ce l lu la r  fa c to rs  there is  also the poss ib i l i ty  that the s tress  susc

if'
d

pigs contain abnormal muscle  f ib e rs  react ing  e xc e s s iv e ly  on norm al s tress  stimulation. ge
Cooper et al (1969) thus reported  that white and red  f ib e r s  of s tress -su scep t ib le  p igs had m ore  in ten ^  
ase and phosphorylase act iv ity  thanof norm al pigs-As p re requ is ite  f o r  g ly c o ly s is  is a supply of AD P  c .. 
through A T P a s e  act iv ity  and a supply of glucose r e leased  f ro m  g lycogen. Ac t ive  phosphorylase is re^ t0 the 
f o r  r e lea se  of glucose f ro m  g lycogen. The e f fe c t  o f epinephrine, r e lea sed  f ro m  the adrenal medulla 1 e 
blood when p igs are subjected to s tress ,  in te r fe re  on muscle  f ib e r  m etabo lism  at this point. Epinep rotei!> 
stimulates adenyl cyc lase  which stimulates the fo rm a tion  of cyc l ic  A M P .  C yc l ic  A M P  stimulates “   ̂ sph°r^ 
kinase that act ivates phosphorylase kinase. The activated phosphorylase kinase converts  inactive Pb° 
lase to active phosphorylase which starts the p rocess  of g lycogen  breakdown (Sutherland and Robison 
Top e l  1975) _ _detef"
A  pos it ive  co r re la t ion  between rate of g lyco ly s is  and l e v e l  o f cyc l ic  A M P  would suggest that the rate 
mining step was an epinephrine e f fe c t  or  im m ed ia te ly  in trace l lu la r  at the con tro l point of c - A M P  sYa 
If not,the ra te -  determ in ing  step could be due to an abnorm ality  in the in t r in s ic  enzym e system  of tn tes 
Ono, Tope l  and Althen (1976) found, that c - A M P  le v e ls  w ere  s ign if icantly  h igher in M. long, dors i 3 m 
pos t-m or tem  fo r  s tress  susceptible p igs than fo r  contro ls ,  therea f te r  d i f fe ren ces  w ere  not s ign i f ica ' ei t s 
In a paper to this sess ion  the authors have reported  further observat ions  to this point. Epinephrine r 
thus to be a hormone of d irec t  e f fe c t  on the g lyco ly t ic  m etabo lism  of the pork muscle f ib e rs .  ^ets

R esea rch  is s t i l l  going on with rega rd  to abnorm alit ies  of>. muscle  f ib e rs  in s t r ess -su scep t ib le  p ig s* rp̂ js 1 
& Satterlee  (1975) have recen t ly  studied the p ro p er t ie s  of m yoglob in  f ro m  norm al and PSE muscles. , 01 
approbreate, as the anoxic e f fe c ts  of exsanguination may be considered  an important fa c to rs  in the o 
the rapid pos t-m or tem  g ly c o ly s is (L is t e r  1968). It was observed  that m yoglob in  f ro m  PSE muscle ex bjjitV
a number of abnorm alies , such as va ry in g  i s o e le c t r ic  points, rapid rate of autoxidation, and acid n̂Sj- 
but the question rem ained  whether the abnormal m yoglob in  is a resu lt of genetic change or a result 0 
rapid p os t-m or tem  pH fa l l .

res«“ '
What does the rapid g lyco ly s is  to the meat s tructure?  •

It is we ll-known that the PSE pork is ch arac te r is t ic  by a reduced w ater  holding capacity. This is a pjl 
the rapid p os t -m or tem  g lyco ly s is ,  but it is s t i l l  not p re c is e ly  known what changes the resu lt ing  r a P1^ J p e f^ „ lf
fa l l  has in f l ic ted  on the meat p ro te ins .  Bendall and W is m e r -P e d e r s e n  (1962) concluded f ro m  their ^  

that the f ib r i l l a r  prote ins  f ro m  PSE f ib r i l s  are not denatured or  aggrega ted  in the usual sense, but 
cove red  by a lage r  o f  denatured sa rcop lasm ic  prote in  that is  f i r m l y  bound to the surface of the my 
L a te r  authors, Penny (1967) and Yasu i et al (1973) (1975) w e re  able to show that natural a c to m y °sin’

mY°

an4 f ib e r  bundles p repared  f ro m  rabbit muscle w e re  considerab ly  denatured under the pH -tem pera tû g(j ss 
ditions c reated  by the rapid pos t-m or tem  pH fa l l .  Loss  of ex trac tab i l i ty  and A T P a s e  act iv ity  w e re , ^ ’j6) ,jg 
c r i t e r ia .  W ork ing  with m yo f ib r i ls  f ro m  norm al and PSE porc ine m uscle .  Sung, _J1jp and Fukazawa \ 
found that norm al m yo f ib r i ls  contracted instantaneously a fter  the addition of M g  - A T P ,  while F e^
under the same conditions contracted in part o r  did not contract. The norm al m yo f ib r i ls  w e re  from ^  
with pH higher  than 5, 45, While those without a b i l i t y  to contract w ere  f r o m  PSE muscle  with pH dei[*se 
5, 30. The authors suggest that the loss  on con tract i l i ty  only part ly  can be explained by the pH relate^ o a  
turation of the ac t in -m yos in  system . When the denaturation is  m easured  by loss  of ex trac tab i l i ty  °   ̂
a c t iv ity  strai ghtline re la t ions  ships with pH f ro m  5, 2 to 5,7 w ere  found. Loss  of contractab il i ty  ° cC 
how ever  d ram at ica l ly  in the pH range 5, 3 - 5, 5. It is thus speculated that some changes might occ 
m yo f ib r i ls  in PSE muscle  so that contraction might be inhibited by an unknown fac tor  other than the
vation of A T P a s e  act iv ity .  .................................................................................... —  ♦ . « < > * <
These changes in the p ro p er t ie s  of the PSE muscle f ib e rs  must be considered  as pH induced post 
phenom eria . Champion, E ikelenboon and Cassens (1974) studied thus the is o m e tr ic  tension-pf th i »1. de' 
t e r i o r  m usc les  f r o m  norm al and s tress  susceptib le p igs . They observed  that on e le c t r i c a l  stimula gUg- 
ve lopped  the muscle  f r o m  the s t r ess -su scep t ib le  pigs considerab le  tension but showed abnorm alit ie 
gesting that the regu lat ion of the Ca concentration by the sa rcop lasm ic  ret icu lum  was faulty.

f «ef*
s><
co»'

, has been re la ted  to structural changes in the rt-Y 
ing (G o l l  et al. 1970, 1974, Davey and Dickson 19

■oti€

Structural changes in m yo f ib r i ls  during aging.

Pos t  m or tem  tender iza t ion , o r  reso lution of r igo  
and to changes in m y o f ib r i l la r  prote ins , during ag
et al. 1973). ding
By examination with e le c t ro n  m ic roscop y  one ob serve  u ltrastructura l changes in m yo f ib r i ls  in c iu  ^  
dation of the Z - l in e  
m or tem . At 3 hours 
in "at death" samples

tiay

j. c i c C i r o n  m x c r o o c o p y  o u t :  u  u  o  c  x  v  c  u m  a o u  m , u u  t u  m d i i g c  a  x n  n i y  u i x u i  x x d  * * *  ^ .g  y  *

. F o r  exam ple did Hay et al. 1973 examine chicken breast m uscle  up to 168 ^°^uSe ^ ^  
5 had the H -zones  d isappeared  and the Z - l in e s  and A - I  junctions w e re  m ore  di se^uP6esapp

A f te r  48 hours had the
juncti

Z - l in e s  lost their  p r e - r i g o r  appearance becominglarity-ruptured. D e te r io ra t ion  continuedthrough 168 hours g iv ing m yo fi lam ents  an appearance of granule- • ,
occur njchanges are s im i la r  to those reported  fo r  bovine and porc ine muscle ,  how ever  the changes occur i l  ̂

in poultry  m uscle .  The tendency fo r  m yo f ib r i ls  to f ragm ent when m echanica l s tress  is applied ^ U n̂eiy 
et al 1973) has been used to evaluate structural de te r io ra t ion  during aging. F ragm en ta t ion  may na 
suit f r o m  weakening of bonds between the actin-conta ining f i lam en ts  and the Z - l in e  m a te r ia l .  Ih &e 
might be concluded fo r  chicken as w e l l  as bovine muscle  on b a s is  of this technique that the major 
de te r io ra t ion  of the m yo f ib r i ls  occur at the l e v e l  o f the Z - l in e .  ^
Scanning e lec t ron  m icrog raphs  of poultry m yo f ib r i ls  during aging have besides  de te r io ra t ion  of ajid 
also r evea led  developm ent of space between f ib r i l s  indicating loss of la te ra l  attachments (Johnsoi1 ¿e
1976). A  s im i la r  observa t ion  has e a r l i e r  been made by Davey and D irkson (1970), w h o  re la ted  the
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U affeJ+k^i meat to weakening of la te ra l  attachments. These  observat ions  suggest that the M - l in e  m ate r ia l

cted by the aging p rocès .

on m y o f ib r i l la r  prote ins .
ÎHe
^te C an§es in m y o f ib r i l la r  prote ins during aging has frequently  been studied by use of sodium dodecyl sul- 
30t ConJunction with a c ry lam ide  gel e le c t ro ph o res is .  The most spectacular resu lt is  the appearance of a 
of tr ^aiton prote in  band (Hay et al 1973, Penny 1974, Sam ejim a and W o lfe  1976). It is  probably a result 
Aft £^°nin degradation (Dabrowska et al. 1973).

w A b a t e d  question is whether or  not the linkages between the m yosin -and a.Gti:n containing f i lam ents  
tabbiteakened or  ruptured during aging. Fu jim aki et al. (1965) found that actomyosin  p repared  f ro m  aged

m ore  eas i ly  d issoc ia ted  by A T P  than the actom yos in  p repared  f ro m  f re sh  muscle d«.«-«*- 
Of bgej l n (1973) concluded f ro m  solubiliza tion  studies a loosening of the ac t in -m yos in  bonds during aging 
')ndej. ' ^he ir  resu lts  have been used, in part, as a basis fo r  the hypothesis that the f i lam ent interaction 
chiCk®oes a weakening during aging. L a te r  studies on superprec ip itat ion  behavoir  and A T P a s e  act iv ity  of 
"0 e f f j1 actornyosin at 0 and 168 hours pos t-m or tem  (W o lfe  and Sam ejim a (1976) have shown that aging has 
lhe actCt on the d issoc ia t ion  of actin and m yosin . These resu lts  seem  incompatib le with the hypothesis that 
Pagg J n-m yos in  interaction undergoes a 'weakening" during p os t-m or tem  aging. The often repo rted  s lip-

stret.ching of sa rco m ere s  during aging of meat is  thus m ere  l ike ly  due to breakage in the Z - l in e  area. 

tnes in the aging p roces .

°bSĝ necllanism by which the changes in the aging m yo f ib r i ls  occur is  at present ea g e r ly  invest igated. Many
H ecvaations' ...................  "et

ave shown that the presence  of Ca grea t ly  acce le ra te  the degradation in Z - l in e  a rea  most l ike-
al. TqSe *ts activation of a p ro teo ly t ic  enzym e system  (Busch et al. 1972, Penny et al. 1974). P a r r i s h  

 ̂'5, r eported  at this m eeting  last y ea r  that the degradation is due to a Ca activated p ro teo ly t ic  en
°Ponend0genous to m uscle .  L y so zo m a l  cathepsins have been suggested active in the degradations of the 

W lnS r e suiting in the 30.000 dalton prote in  ( Drabrowska et al. 1973). In genera l may the ly so som a l  en-
:6tW L aid ihe inc rease  in tenderness during aging. Dutson and L a w r ie  (1974\ have thus found a corre la t ione^n
^iur Soluble /3_glucuronidase le v e ls  and tenderness.
that**! , ® ^ u s  found to activate the enzym e system which increase  the rate of the r ig o r  p ro cess  as w e l l

*h:
act on the m yo f ib r i ls  in the aging p ro cess .  H ow ever  the r e lease  of Ca f ro m  the sarcop lasm ic  

' ich Um due to nervous stimuli im m e d ia te ly  pos t-m or tem  does not appear to activate the enzym e system
c9use degradation of Z- l ine s. In chicken muscle, at least, only p o s t - r ig o r  increase  in Ca content appears 
Uce tenderness. Under norm al conditions, the Ca accumulating ab il ity  of the sa rcop lasm ic  ret icu lum 
anes decreases  as the pH drops during r ig o r  and thus Ca is re leased .  If this r e lease  of Ca is  sufficient

Pro du

acti
the enzym e system causing d issos ia t ion  of Z - l in e s  further addition of ex tr ins ic  Ca would appear 

Ssary to aid tender iza t ion  (Khan & K im  1975).
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