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I n v e s t i g a t i o n s  have revea led  t h a t  a complex o f  f a c t o r s  in f lu e n c e s  postmortem 
metabolism in  porc ine  muscle . For t h i s  reason  one cannot  g e n e r a l i z e  in  d e s c r i b 
ing the  c au s a t iv e  f a c t o r s  f o r  the  extreme v a r i a t i o n s  in  the  p h y s i c a l  p r o p e r t i e s  
o f  pork .  S im i la r  degrees  o f  q u a l i t y  may be induced by o r  a s s o c i a t e d  with  such 
wide ly  d i v e r g e n t  v a r i a b l e s  as  breed o f  an imal ,  muscle l o c a t i o n ,  predominant 
f i b e r  type o r  s to ra g e  temperature  postmortem. Consequently th e r e  i s  a need f o r  
r e s e a rc h  s t u d i e s  which i d e n t i f y  the  i n f l u e n t i a l  f a c t o r s  under c a r e f u l l y  c o n t r o l l e d  
c o n d i t i o n s .

We s e l e c t e d  twenty animals w i th  r e p r e s e n t a t i v e s  o f  two breeds  (Hampshire 
and Poland China) which have a s u b s t a n t i a l  inc idence  o f  p a l e ,  s o f t ,  exudat ive  
(PSE) muscle.  The muscles from th e se  ex p e r im en ta l  animals  ranged from extremely  
PSE to  normal« Our o b j e c t i v e s  were to  c h a r a c t e r i z e  two muscles from these  
animals  w i th  r e s p e c t  to  ( 1 ) f i b e r  type and s i z e ,  (2) p r o p e n s i ty  to  undergo 
r i g o r  sh o r te n in g  a t  two s to ra g e  tem pera tu res  and (3) t enderness  a f t e r  s to rag e  
a t  the  two tem p e ra tu res .  Following i s  a review o f  some o f  the  publ ished  f in d in g s  
o f  the  s tudy .

Table 1 shows the  means f o r  the  h i s t o l o g i c a l  t r a i t s  o f  s e l e c t e d  l a r g e  
and sm al l  bundles  in  the  longiss imus  and b iceps  femoris muscles .  The f i b e r  
d iameters  were measured w i th  a Ze iss  P a r t i c l e  Size Analyzer as desc r ibed  by 
M i l l e r  e t  a l .  (1971).  F ib e r  type  was determined by s t a i n i n g  w i th  Sudan b l a c k  B. 
The inc idence  and a rea  o f  th e  da rk  and l i g h t  f i b e r  types  were a l s o  determined.

Table 1. Means f o r  h i s t o l o g i c a l  t r a i t s  f o r  po rc ine  muscle9

F ib e r  d ia m e te r ,  q Dark f i b e r s

Dark L ig h t Weighted ave. % Area %
Hampshire

Longissimus 
Small bundle 58.8 72.5 69.2 24.0 17.8
Large bundle 60.2 75.0 71.7 2 2 . 1 15.7

Biceps femoris 
Small bundle 59c 5 74.4 68.8 26.9 20.0
Large bundle 61.1 77.3 73.1 25.5 17.8

Poland China 
Longissimus 

Small  bundle 63.3 71.3 69.2 24.8 20.4
Large bundle 67.6 74.3 72.9 23.0 2 0 . 1

Biceps femoris  
Small  bundle 65.8 81.5 76.9 28.7 2 1 .2
Large bundle 66.3 82.0 77.6 26.9 19.5

S i g n i f i c a n t  e f f e c t s  
Breed 
Muscle

•3+A
•k

“P< .05
aFrom Hendricks  e t  a l .  (1971).
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Breed d i f f e r e n c e s  were noted in  the  s i z e  o f  the  d a rk  muscle f i b e r s .  The 
oland China p ig s  had l a r g e r  da rk  f i b e r s  than the  Hampshire p i g s ,  a f in d in g  

^ha t  i s  c o n s i s t e n t  w ith  p rev ious  l i t e r a t u r e .  L i s t e r  et a l .  (1967) rep o r ted  t h a t  
oland China p igs  had l a r g e r  da rk  f i b e r s  and a h ig h e r  inc idence  o f  PSE muscle than 
Hester White p i g s .  The Poland China p igs  o f  the  p r e s e n t  s tudy a l s o  tended to  
ave a g r e a t e r  s e v e r i t y  o f  PSE muscle than the  Hampshire p ig s .

There were s i g n i f i c a n t  d i f f e r e n c e s  due to  muscle f o r  the  p e r c e n t  da rk  f i b e r s ,  
al though the  b icep s  femoris  had more da rk  f i b e r s  than  the  longiss imus  the d i f f e r -  
ences were n o t  as g r e a t  as  those r e p o r t e d  by Beecher e t  a!7 (1965) f o r  the  da rk  
and l i g h t  p o r t i o n s  o f  the  semi tend inosus  muscle.

Muscle s t r i p s  were p laced  in  Myotron ( F o r r e s t  e t  a l . , 1969) chambers f o r  
sho r ten ing  d e te r m in a t io n s .  S t r i k i n g  d i f f e r e n c e s  were "observed i n  the  amount o f  
time r e q u i r e d  f o r  maximum s h o r te n in g  to  occur (Table 2 ) .  The main e f f e c t s  o f  

r 6ed, muscle and tempera ture  were accompanied by s i g n i f i c a n t  b reed - tem pera tu re  
an<3 muscle- tempera ture  i n t e r a c t i o n s .

t s b l e  2. Means f o r  postmortem sh o r te n in g  and tenderness o f  porc ine  muscle

Time f o r  maximum P e r c e n t Sarcomere A lio  Kramer^
s h o r t e n in g ,  h r . s h o r ten in g l e n g t h ,  pa sh e a r ,  kg/g

‘“Pshire
b°ngissimus

2C 2 1 . 6 15.1 1 .66 9.2
16C 8.6 3.7 1.69 6.2

Biceps femoris
2C 32.6 18.2 1.55 19.2

t)  ̂ 16C 10.8 3.6 1.62 14.5
and China
^°ngiss imus

2C 7.2 13.0 1.47 10.9
16C 4.9 1 . 0 1.54 8.8

Biceps femoris
2C 10.4 15.2 1.48 24.9

S, 16C 7.6 2 . 1 1.68 22.5
^B i f ican t  e f f e c t s
Breed (B) 4.A A » 4>. **
Muscle (M) *** **
B X M *
Temperature (T) *** *
B X T

**

• 05
H***' .01

*°°1
bPï0ra Hendricks et al. (1971) 

Pt°m Lafferty (1969)
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The p e r c e n t  sh o r te n in g  da ta  revea led  t h a t  th e  only  i n f l u e n t i a l  f a c t o r  
s tu d ie d  was the  tempera ture  (Table 2 ) .  Yet,  sarcomere leng th  measurements 
in d ic a te d  t h a t  the  extern: o f  sh o r t e n in g  was dependent on b reed ,  tempera ture  and 
breed-muscle  i n t e r a c t i o n s .  The da ta  o f  Locker and Hagyard (1963) showed s i m i l a r  
e f f e c t s  o f  tem pera tu re  on the  degree o f  sh o r te n in g  o f  b e e f  muscle.

The o b se rv a t io n s  on muscle sh o r t e n in g  show t h a t  Hampshire muscles req u i red  
s e v e r a l  hours  more than Poland China muscles to  a t t a i n  maximum s h o r t e n in g ,  y e t  
the  sarcomere len g th s  in d ic a te d  t h a t  muscles from the  Poland Chinas underwent 
more severe  s h o r t e n in g .  Likewise ,  the  2C temperature  t r e a tm e n t  de layed the  time 
f o r  maximum s h o r te n in g  ( i n  Hampshire p ig s )  b u t  a l s o  caused h ig h e r  p e r c e n t  s h o r t e n 
ing and s h o r t e r  sarcomeres  than the  16C t r e a tm e n t .

The b icep s  femoris muscle r e q u i r e d  more t ime f o r  maximum s h o r te n in g  than  
the  longiss imus  muscle and t h i s  d i f f e r e n c e  was more a p p a ren t  a t  2C than  a t  16C. 
Muscle d i f f e r e n c e s  in  sarcomere len g th  were a l so  modif ied  by breed in f lu en ces  
as shown by the  f a c t  t h a t  Hampshire muscles had longe r  sarcomeres in  the  longissimus 
than  the  b iceps  femoris  b u t  t h i s  was reve rsed  in  Poland China muscles .

S i g n i f i c a n t  e f f e c t s  o f  b re e d ,  muscle and tempera ture  were noted f o r  tenderness  
as measured by the  Allo-Kramer s h ea r in g  device  (Table 2 ) .  Hampshire muscles were 
more t en d e r  than  Poland China musc les ,  longiss imus  muscles were more t en d e r  than 
b iceps  femoris  muscles and .L6C s to ra g e  r e s u l t e d  i n  g r e a t e r  t enderness  than 2C 
s t o r a g e .  The breed  and tem pera tu re  d i f f e r e n c e s  su p p o r t  the  s u g g es t io n  of  Locker 
(1960) t i i a t  the  degree o f  c o n t r a c t i o n  i s  a f a c t o r  in  t e n d e r n e s s ,  b u t ,  i n  the  
Poland China an im a ls ,  the  g r e a t e r  ten d e rn ess  o f  the  longiss imus  was a s s o c i a t e d  
w i th  equa l  o r  s h o r t e r  sarcomeres  as compared to  the  b iceps  f e m o r i s .

In  summary, the  fo l lowing  o b se rv a t io n s  were made r e l a t i v e  to  the  in f lu en c es  
o f  b reed ,  muscle and tem pera tu re  on t h e  f i b e r  c h a r a c t e r i s t i c s ,  postmortem s h o r t 
ening  and te n d e rn es s  o f  pork:

(1) Hampshire long iss imus  and b iceps  femoris muscles had l a r g e r  da rk  f i b e r s ,  
r e q u i r e d  lo n g e r  t im e " fo r  maximum sh o r te n in g  and were more t e n d e r  than  Poland China 
muscles .  Hampshire long iss imus  muscles had longe r  sarcomeres than Poland China 
m u sc le s .

(2) The longiss imus  muscles had a lower p e r c e n t  d a rk  f i b e r s ,  r e q u i re d  l e s s  
t ime fo r  maximum s h o r t e n in g  and were more t e n d e r  than the  b iceps  femoris muscles .

(3) S torage  o f  e x c i sed  muscles a t  2C r e s u l t e d  in  g r e a t e r  time f o r  maximum 
s h o r t e n in g ,  g r e a t e r  p e r c e n t  shor ten ing ,  s h o r t e r  sarcomeres and l e s s  t enderness  
than  s to ra g e  a t  16C. Storage  tem pera tu re  e f f e c t s  on t ime f o r  maximum sh o r te n in g  
were more pronounced f o r  the  b icep s  femoris than  the  longiss imus  muscles .

The f in d in g s  emphasize the  wide d i f f e r e n c e s  t h a t  may e x i s t  i n  postmortem 
s h o r t e n in g  and tenderness  o f  pork .  The s tudy  has i d e n t i f i e d  or  confirmed the  
i d e n t i t y  o f  some o f  the  c o n t r i b u t i n g  f a c t o r s .  Of p a r t i c u l a r  i n t e r e s t  i s  the  
v a r i a t i o n  in  t ime re q u i r e d  f o r  maximum s h o r te n in g  and the  e x t e n t  o f  s h o r ten in g  
i n  i s o l a t e d  muscle s t r i p s .  F u r th e r  s t u d i e s  a re  needed to  determine the e x t e n t  
to  which s i m i l a r  s h o r t e n in g  p a t t e r n s  occur i n  muscles o f  the  i n t a c t  c a r c a s s .  
L ikewise ,  in fo rm a t ion  i s  needed on the  p r o p o r t io n  o f  the  toughening t h a t  o c c u r r e ■ 
in  these  exc i sed  muscles t h a t  a l s o  occurs  i n  the  i n t a c t  c a rca s s  under the  c o n d i t io  
s p e c i f i e d .
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