










E le c tro n  M icroscopic  O b serva tions
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Cassens e i  a l , ,  (1963b, 1963c) have conducted e le c tro n  m icroscop ic  o b se r­

vations o f t i s s u e s  a t  d e a th , o n se t o f r ig o r ,  com pletion  o f r ig o r ,  and 24 h r .  

fr'om m uscles e x h ib i t in g  ex trem ely  ra p id  (p a le , s o f t ,  e x u d a tiv e ) and slow  (d ark , 

firm) g ly c o ly t ic  r a t e s .  E le c tro n  m icroscop ic  o b se rv a tio n s  o f  m uscle e x h ib i t in g  

a r &pid g ly c o ly t ic  r a t e  showed t h a t  a t  d e a th  th e se  m uscles were h ig h ly  c c n t r a c t -  

e<*> whereas a t  th e  o n se t of r ig o r  (15 m in. l a t e r  a t  a pH o f 5 .6 )  th e  sarcop lasm  

had been a lm ost com ple te ly  d is ru p te d .  A f te r  24 h r .  th e  muscle appeared  v is u a l ly  

to  be ex trem ely  p a le  and th e  f i b e r  bund les seemed to  be d isco n n ec ted  as w e ll as  

^°sing ex ce ss iv e  amounts o f f l u i d .  The e le c t r o n  m icrograph showed a  g ra n u la r  

aPpearance o f th e  A -band. T h is would in d ic a te  t h a t  a  d is ru p t io n  o f th e  p ro te in  

filam en ts  ahd occu rred  and th e  lo g ic a l  co n c lu s io n  was to  r e l a t e  th e  lo s s  o f 

Via te r -b in d in g  t o  a breakdown o f th e  muscle p r o te in s .  C onversely  when g ly c o ly s is  

Proceeded slo w ly  tine m uscle r e ta in e d  a h ig h  degree o f u l t r a s t r u c t u r a l  i n t e g r i t y  

at  a l l  post-m ortem  p e r io d s .

B endall and W ism er-Pedersen (1962) d e sc rib e d  h e a v y -s ta in in g  dark  bands 

°f m a te r ia l  ly in g  a c ro ss  th e  f i b e r s  o f p o rc in e  muscle which had undergone ra p id  

Post-mortem g ly c o ly s is  and appeared  p a le ,  s o f t  and e x u d a tiv e . These au th o rs  

f ° s tu la te d  t h a t  th e  dark  bands were denatu red  sarco p lasm ic  p ro te in s  which had 

b®en p r e c ip i ta te d  an th e  muscle f ib e r s  as  a  r e s u l t  o f exposure to  a  low pH a t  

a h igh  tem p era tu re  r e s u l t in g  from an ex trem ely  ra p id  r a t e  o f post-m ortem  

^ a e r o b ic  g ly c o ly s is .  More r e c e n t ly  Cassens g t  a l . ,  (1963c) have observed 

f^esh  p r e - r ig o r  f i b e r s  which co n ta in ed  th e  dense , i r r e g u la r ly  banded m a te r ia l  

as was seen  under th e  phase c o n tr a s t  m icroscope. E le c tro n  m ic roscop ic  o b ser­

v a tio n s  o f th e  dense ap p ea rin g  a re a s  showed th e se  bands to  have f ib ro u s  con­

t in u i ty  w ith  th e  m y o f ib r i ls .  A lso  e v id e n t was th e  la rg e  amount o f g ra n u la r
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sarcoplasm ic m a te r ia l and the apparent absence o f  m itochondria  or membranous 

stru ctu res in  th e se  a r e a s . When sam ples were removed from th e same m uscles a t  

on set o f  r ig o r  m o rtis  and 2 4 -h r . post-m ortem , th e ir r e g u la r ly  banded 

M aterial was n o t p r e s e n t .  I t  should  be em phasized, however, th a t  th e se  par­

tic u la r  m uscles showed a l l  c h a r a c t e r is t ic s  o f  normal post-m ortem  g ly c o ly s i s  

V/ith  an average u lt im a te  (24 h r . )  pH and p h y s ic a l  s tr u c tu r e . More r e c e n t ly  

Forrest e t  a l , ,  (1963b) have found th a t  when th e  bands farmed a t  th e  tim e o f  

^ a th  in  m uscle which e x h ib ite d  an ex trem ely  rap id  g ly c o ly s i s  w ith  r ig o r  m ortis  

°ccurring a t  a low  pH and h ig h  tem perature th e  bands were s t i l l  p r e se n t  a t  

24-hr. post-m ortem . Other work o f  C assens e £  a l . ,  (1963d) noted  th a t  i f  bands 

n ot form a t  th e tim e o f  death  th e y  were n o t p r e se n t a t  24 h r . even  though  

ihe m uscle exp erien ced  ex trem ely  rap id  g ly c o ly s i s .  However, under co n d itio n s  

of rapid  g ly c o ly s i s ,  i f  th e  bands are formed b efo re  r ig o r  o n se t , th e y  may be 

sev ere ly  co n tracted  or denatured and th e r e fo r e  become ir r e v e r s ib l e .  Under 

^ s e  c o n d it io n s  th e  ir r e g u la r  bands would be apparent in  24  Hr. post-m ortem  

F sle , sofi^  ex u d ative  m usculature but n o t in  m uscle which had undergone normal 

&lycolys i s  (B r isk ey , 1 9 6 3 ).

The f a c t  th a t  both  phase and e le c tr o n  m icro sco p ic  o b serv a tio n s  show th e se  

bands t o  be s im ila r  t o  thaw r ig o r  co n tractu re  bands (C assens e£  § 1 . 1963d) 

farth er  su pp orts th e  f a c t  th a t  th e se  ir r e g u la r  bands do n o t n e c e s s a r i ly  occur  

a® a r e s u l t  o f  low  pH and h ig h  tem perature.

P r o te in  S o lu b il i t y  in  P a le . S o f t .  E xudative Muscle 

Sarcoplasm ic and m y o f ib r i lla r  p r o te in  e x tr a c t io n s  were determ ined a t  th e  

lime o f  d ea th , o n se t  o f  r ig o r  m o r tis , com pletion  o f  r ig o r  m ortis  and 24  h r . in  

^ s c l e s  e x h ib it in g  a wide range o f p h y s io lo g ic a l  c o n d it io n s  post-m ortem



83 3 y

(Sayre and B risk ey , 1963). Muscle p r o te in  s o l u b i l i t y  was g ro s s ly  a l t e r e d  by 

c o n d itio n s  o f b o th  tem p era tu re  and pH which e x is te d  du rin g  th e  o n se t o f 

r igQr m o rtis  o r  d u rin g  th e  f i r s t  few hours a f t e r  d e a th . In  th e  extrem e groups 

h igh tem p era tu re  and low pH th e  sa rco p lasm ic  p ro te in  s o l u b i l i t y  was 

decreased by 45% o f i t s  o r ig in a l  va lue  compared to  a 17% re d u c tio n  in  groups 

^ ith  h igh  pH a t  o n se t o f r i g o r .  M y o f ib r i l la r  p r o te in  s o l u b i l i t y  ranged from  

no re d u c tio n  under c o n d itio n s  of h ig h  pH t o  75% re d u c tio n  when th e  pH was low 

tem peratu re  h ig h  a t  th e  o n se t o f r i g o r .

The measurement o f r ig o r  m o rtis  was accom plished w ith  a  s p e c ia l ly  

designed " rig o ro m ete r"  a p p a ra tu s  (B risk ey , e t  a l . , 1962). A so len o id  c e l l ,  

ehergiaed by a  c y c l ic  tim e r was used to  r e le a s e  and ap p ly  th e  lo ad  in  a 

d ire c tio n  lo n g i tu d in a l  t o  th e  v e r t i c a l l y  mounted specim en. A le v e r  a tta c h e d  

t °  the  spec im en-load ing  system  tra n s m itte d  th e  e x t e n s i b i l i t y  and e l a s t i c i t y  

of the  specim en t o  th e  arm ature  of a d i f f e r e n t i a l  tra n s fo rm e r . The AC o u tp u t 

8l§nal was r e c t i f i e d  and t r a n s f e r r e d  to  a  DC re c o rd in g  microam m eter.

S tu d ie s  w ith  t h i s  a p p a ra tu s  (B risk ey , 1963) have dem onstrated  th a t  

"dien post-m ortem  changes tak e  p la ce  and r ig o r  m o rtis  occurs a t  a slow  to  

Moderate r a t e  under norm al c ircu m stan ces  (4 -  6 h r . )  o f m oderate pH and 

M oderately low te m p e ra tu re , th e  m eat develops d e s ir a b le  c h a r a c te r i s t i c s  in  

tfcat i t  becomes g ra y ish -p in k  t o  red  in  c o lo r ,  m odera te ly  f irm  in  s t r u c tu r e  

^Md m odera tely  d ry  in  app earan ce . I f  th e se  changes tak e  p la ce  under r e l a ­

t iv e ly  h ig h  pH c o n d itio n s  o r over a  long  d u ra tio n  and low tem p era tu re  th e  

Meat rem ains dark  re d  in  c o lo r ,  f irm  in  s t r u c tu r e  and d ry  in  appearance .

C onversely , when th e se  changes ta k e  p la c e  a t  a  ra p id  r a t e  (0 .5  t o  1 .5  h r . )  

^Mder a c id  c o n d itio n s  and a  h ig h  tem p era tu re  th e  meat develops th e  u n d e s ira b le  

ch a r a c t e r i s t i c s  a s s o c ia te d  w ith  p a le  (w hite) s o f t ,  ex u d a tiv e  muscle (B risk ey ,





Were e q u ilib r a te d  a t  -1 8 °  C. or +4° C. Most o f  the trea tm en ts s tu d ied  lowered  

the p h y s io lo g ic a l  co n d itio n s  a t  th e  o n set o f  r ig o r  and o n ly  the sev ere  t r e a t -  

0ent s  showed ev id en ce  o f  thaw r ig o r .
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SUMMARY

In a p re lim in a ry  su rvey , an average o f  e ig h te e n  p ercen t o f  15 ,000  hams 

observed were p a le ,  s o f t  and w atery  w h ile  th e  d a i ly  in c id e n c e  o f  t h is  low  q u a lity  

c h a r a c te r is t ic  v aried  from 0 t o  75% throughout the y ea r . Environm ental tempera­

ture appeared t o  have a h ig h ly  s ig n i f ic a n t  e f f e c t  upon the p a le ,  s o f t ,  ex u d ative  

con d ition , w ith  a h igh er in c id en ce  during p er io d s  o f  h igh  tem perature or wide 

temperature f lu c tu a t io n s  im m ediately p r io r  to  s la u g h te r . Exposure t o  e x p e r i-  

^ n t a l l y  c o n tr o lle d  warm environm ental tem peratures a c c e le r a te d  post-m ortem  

g ly c o ly s is  w ith  r ig o r  m ortis  (measured w ith  a rigorom eter) occu rrin g  a t  h igh  

temperatures and low  pH v a lu es  w ith  a r e s u lta n t  p a le ,  s o f t ,  ex u d ative  m uscle 

■k* Poland China p ig s .  These m uscles had low  p r o te in  s o l u b i l i t y  and appeared  

® lig h tly  gran u lar as viewed w ith  an e le c tr o n  m icroscope. A lthough sa rco ­

plasmic p r o te in s  may denature and adhere to  m y o f ib r illa r  p r o te in s ,  i t  has been  

shown w ith  an e le c tr o n  m icroscope th a t  the p r e v io u s ly  rep orted  bands o f  sa rco ­

plasm ic p r o te in  (B en d all and W ism er-Pedersen, 1962) are m y o f ib r i lla r  in  n a tu re .

It has been shown that the pH and temperature at the onset of rigor mortis 

determines the protein solubility and color of the muscle. Preslaughter ex­

posure to severe cold or a change from warm to cold temperatures prevented the 

Post-mortem development of pale, soft, exudative muscle. Likewise post-mortem 

treatment with liquid-nitrogen completely prevented the development of this con­

ation  regardless of whether the muscles were equilibrated at +4° C. or -18° C.
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Zusammenfassung

Durch v o r lä u f ig e  Untersuchungen wurde f e s t g e s t e l l t ,  d ass durch- 

Sc_ h n ittlich  18% von 15 ,000  u n tersu ch ten  Schinken b la s s ,  w eich  und w ässr ig

und dass der tä g l ic h e  D urch schn itt d ie s e r  n ied r ig en  Q u a lita tsersch e in u n g  

aes F le is c h e s  im Laufe des Jahres zw ischen  0% und 15%> la g .  Scheinbar h a tte  

Temperatur der Umgebung e in e n  seh r w ich tig en  E in f lu s s  au f den b la s se n ,  

^¿Ichen, wäs s r ig e n  Zustand des Sch inkens, da s ic h  während besonders h e is s e n  

^ j jp er io d en  oder g ro ssen  Temperaturschwankungen kurz vor der Sch lachtung  

¿̂¿¿ P ro zen tsa tz  d ie s e r  Erscheinung erhöht e .  Die post-m ortem  G lykolyse  

b e sc h le u n ig t , wenn man das F le is c h  e x p e r im e n te ll k o n tr o l l ie r te n  

Farmen Temperaturen a u s s e t z t e .  R igor m ortis  (m it einem  Rigorom eter 

^Wessen) s e t z t e  b e i  hohen Temperaturen und n ied eren  pH Werten e in  und 

k^tte b e i Poland China Schweinen b la s s e ,  w eich e , w ässr ige  Muskeln zur  

Po;L§e . Durch e in  e le k tr o n isc h e s  Mikroskop gesehen  z e ig te n  d ie se  Muskeln 

eihe n ied ere  P r o te in -L B s lic h k e it  und sch ien en  l e i c h t  körn ig  zu s e in .

^Wohl e s  m öglich  i s t ,  dass sarkoplasm ische P ro te in e  m y o fib r ille n  P ro te in en  

h a f t e n  und d ie se  u n ter  Umstanden a u f lo se n , wurde m it H ilfe  e in e s  

E le k tr o n isc h e n  M ikroskops g e z e ig t ,  dass d ie  b e r e i t s  u n tersu ch ten  Bänder 

ê:r sarkoplasm ischen  P ro te in e  ih r e r  Natur nach m y o f ib r i l l  s in d  ( v g l .  B endall 

^  W ism er-Pedersen, 1 9 6 2 ).

Es wurde f e s t g e s t e l l t ,  dass d ie  P r o t e in lö s l ic h k e i t  und d ie  Farbe der 

^ sk eln  durch den pH Wert und d ie  Temperatur beim E in t r i t t  des r ig o r  

^ t i s  bestim m t werden. Die post-m ortem  Entwicklung von b la s s e n , w eichen . 

^¿ssrjgen  Muskeln wurde v erh in d er t, indem man d ie  Schweine vor der S ch la ch -  

s tren g er  K alte  a u s se tz te  ode r  die  Temperatur von warm zu k a l t  än d erte . 

Zustand wurde aber auch durch e in e  post-m ortem  Behandlung m it f lü ss ig e m  

^¿trogenium verm ieden, wobei e s  g le ic h g ü lt ig  war, ob man d ie  Muskeln b e i  

 ̂ C, oder -1 8 °  C. ä q u i l ib r ie r t e .




