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SUMMARY

The effects of muscle c o n t raction state, carcass m a t u r i t y  and 

Post-mortem aging on tenderness were studied on excised semi- 

Psndinosus muscles of six A  and six E ma t u r i t y  bovine carcasses, 

^iber di a m e t e r  was shown to be c u r v i linearly related w i t h  sarco- 

^ere length (R = .95 and .87 for A  and E mat u r i t y  groups, 

■^ospectively). As muscles were shortened they had a larger percent 

area of fibers and a smaller percent area of b o t h  endomysial and 

PoFimysial material. Muscles of the A  m a t u r i t y  group were signi­

ficantly more tender ( P ^ . 0 1 )  than those of the E mat u r i t y  group, 

■^ost-mortem aging r e sulted in t e n d e r i z a t i o n  in bo t h  A  and E 

^ t u r i t y  groups at all states of c o n t raction (-4-8 to +4-8% of the
b  -y*,

e~excised length), h owever tenderness of contracted muscles did 

re a c h  acceptable levels, even after 240 hr. aging. Tenderness 

^as sh o v m  to be linearly related to fiber diameter (r = .82 and .87 

fo;i? A and E m a t u r i t y  group, respectively), however the relationship 

with sarcomere length was curvilinear (R = .90 and .75 for A and E 

^ t u r i t i e s , respectively). P o s t - m o r t e m  contraction of m uscles was

effective in causing dec r e a s e d  tenderness whereas the magnitude 

^ Pen d erness increase was smaller wh e n  muscles were stretched.
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INTRODUCTION

L o c k e r i n  1959 d e s c r ib e d  a s im p le  te c h n iq u e  f o r  m easuring  th e  

deagth o f  p o s t - r i g o r  sarcom eres i n  m u sc le . S u b se q u e n tly  t h i s  same 

w° rk e r (L o c k e r ,  I9 6 0 ) su g g e ste d  a r e la t io n s h ip  betw een th e  p o s t -  

^ g o r  sarcom ere le n g th  o f  th e  m uscle and i t s  u lt im a te  te n d e rn e s s .

o u r e x te n s io n  o f  t h i s  work (H e r r in g  e t  a l . , 1965a) i t  was 

° Lserved  t h a t  i f  a m uscle were e x c is e d  and p e rm it te d  to  s h o rte n  

d u rin g  th e  developm ent o f  r i g o r  m o rt is  i t  w ou ld  n o t  be te n d e r  

uPon th e rm a l p r o c e s s in g .  C o n v e rs e ly ,  i f  a s t r i p  o f  th e  same 

S e is e d  m uscle  were r e s t r a in e d  so t h a t  i t  c o u ld  n o t  s h o rte n  d u r in g  

the developm ent o f  r i g o r  m o rt is  i t  w ou ld  u l t im a t e ly  be more te n d e r  

Phan th e  e x c is e d  m u sc le . I n  r e la t e d  w o rk , we (H e r r in g  e t  a l . , 

d^65b) have more r e c e n t ly  shown th a t  th e  v e r t i c a l  su sp e n s io n  o f  th e  

Ca-i'cass re le a s e s  te n s io n  on some m uscles and in c re a s e s  te n s io n  on 

°Phers —  th e re b y  in f lu e n c in g  th e  u lt im a te  te n d e rn e s s  o f  th e  

^ P s c le s . These s t u d ie s ,  b y  th e m s e lve s , have n o t shown w h e th e r i t  

l s  n e c e s s a ry  to  a c t u a l l y  s t r e t c h  a m uscle f o r  maximum te n d e rn e ss
r\
r  w hether i t  i s  more im p o rta n t to  m e re ly  p re v e n t  s h o r te n in g  d u r in g  

^dgor m o rt is  o n s e t .

The f o l lo w in g  s tu d y  was t h e r e f o r e  co n d u cted  to  q u a n t i t a t iv e ly

determ ine how th e  te n d e rn e s s  o f  a s in g le  m uscle v a r ie s  from  a 4-8%

sh o r te n in g  upwards to  a 48% s t r e t c h  (b a se d  on i t s  p r e -e x c is e d

'*‘en g t h ) .  Because i t  was o b v io u s  th a t  "background te n d e rn e s s "
C 1̂ 4

Jn rs h , 1 9 6 6 ), m ight in f lu e n c e  th e  e f f e c t  o f  c o n t r a c t io n  s ta te  on 

Pdtim ate te n d e rn e s s , th e  p re s e n t  s tu d y  was conducted  on m uscle 

P^om young (A  m a t u r it y )  and o ld  (E  m a t u r i t y )  b o v in e  a n im a ls .
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MATERIAL AND METHODS

and sample s e l e c t i o n . S i x  "bovine carcasses of A m aturity 

and six of E m a t u r i t y  (U.S.D.A., 1965) were used. The semi- 

teudinosus muscle was selected for these studies as the uniform, 

^0:tlgitudinal fiber arrangement is suitable for in vitro experi­

ments inv o l v i n g  stretch and contraction. Both semitendinosus 

muscles of the carcass were excised approximately 4 5  mi n  p o s t ­

mortem and each muscle was divided into four portions about 25 x  
^ x 5 cm.

^ B £ le  t re a tm e n t . P our o f  th e  r e s u l t in g  p o r t io n s  were caused to  

c° h tra c t w ith  th e  phenomenon o f  c o ld  s h o r te n in g  (L o c k e r  and 

^ag y a rd , 1963) b y  12, 24, 36 and 48% o f  th e  p r e -e x c is e d  le n g th  

arL<i th e  re m a in in g  f o u r  p o r t io n s  were s t re tc h e d  b y  12, 24, 36 and
¿(.go/

/0 o f  th e  p r e -e x c is e d  le n g t h .  The m uscle p o r t io n s  were h e ld

f ir m ly  a t  th e  s p e c i f ie d  le n g th  i n  a s p e c ia l l y  d e s ig n e d  a p p a ra tu s  
( JM

mg* 1 and 2) f o r  48 h r .  Samples were rem oved from  th e  m uscle 

^Ol>t io n s  a t  48, 120 and 240 h r  p o st-m o rte m  f o r  te n d e rn e s s  e v a lu ­

a t io n . H is t o lo g ic a l  e xa m in a tio n s  were made on sam ples o f  th e  same 

£ ° rt io n s  (u n co o k e d ) a t  48 h r  po st-m o rte m  o n ly .

^ S t o lo g ic a l  e v a lu a t io n . Sarcom ere le n g th  was de te rm in e d  as 

■ d e v io u s ly  d e s c r ib e d  (H e r r in g  £ t  a l . , 1 96 5 a). F ib e r  d ia m e te r 

^ t e r m in a t io n s  were made on sam ples w h ich  had been f i x e d  f o r  48 h r  

lr i 10% c a lc iu m -fo rm o l.  S e c t io n s  were c u t  16 u t h ic k  in  a c r y o s t a t ,  

sta in e d  w ith  n e u t r a l  re d  and mounted i n  g l y c e r o l  j e l l y .  The 

a& e te r o f  100 f ib e r s  was m easured w ith  an o c u la r  m ic ro m e te r, 

r e l a t i v e  f r a c t io n  o f  m uscle  o c c u p ie d  b y  m uscle f i b e r s ,

^ o m y s i u m  and p e r m y s i u m  was det e r m i n e d  on the same sections used



f °i' f i b e r  d ia m e te r m easurem ent. The " h i t "  method o f  C h a lk le y  

d-94-3) as m o d if ie d  b y  Enesco and Puddy (1964-) was u se d . The 81 

f ° in t s  form ed b y  th e  in t e r s e c t in g  l in e s  (e x c e p t  th e  fo u r  l in e s  

^h ich  form ed th e  p e r im e te r  o f  th e  g r i d )  o f  a 1 0 0 -square  o c u la r  

§r id  were used as h i t  p o in t s .  F iv e  hundred  h i t s  were re q u ire d  

ior> re a s o n a b le  a c c u ra c y , and th e  fre q u e n c y  o f  h i t s  gave a f ig u r e  

fo r  th e  r e l a t i v e  f r a c t io n  o f  th e  th re e  com ponents,

I ^ S ^ Q rness e v a lu a t io n . Samples (a p p ro x im a te ly  5 x 5 x 5  cm) f o r  

ten de rn e ss  e v a lu a t io n  were ro a s te d  to  an in t e r n a l  te m p e ra tu re  o f  

^  C i n  a 177°C o ve n . O rg a n o le p t ic  e v a lu a t io n s  were con d u cted  b y
ct *

six-m em ber la b o r a t o r y  p a n e l u s in g  a h e d o n ic  s c a le  from  1 ( v e r y

teugh) to  9 ( v e r y  t e n d e r ) .  C o rre s p o n d in g  sam ples were c h i l l e d  a t 
5°ci fl o r  4- h r ,  p r i o r  to  o b je c t iv e  te n d e rn e s s  e v a lu a t io n  b y  W a rn e r- 

^ a t z l e r  sh e a r on 1 . 2 7  cm c o re s .

^•^¿i s t i c a l  t re a tm e n t . The d a ta  were s u b je c te d  to  a n a ly s is  o f  

la n c e  and l in e a r  and c u r v i l i n e a r  r e g r e s s io n  a n a ly s is  (S te e l

^  T o r r i e ,  I 9 6 0 ) .

RESULTS AND DISCUSSION

Mean v a lu e s  f o r  sarcom ere le n g th  and f i b e r  d ia m e te r as

■^ffuenced b y  m uscle c o n t r a c t io n  o r  s t r e t c h ,  w it h in  each m a tu r ity

o ioUp a re  p re s e n te d  i n  T a b le  1 . G ross  m a n ip u la t io n  o f  m uscle

e;tloth (treatment) greatly inf l u e n c e d  the microscopic determin-

l0rL of the resultant c o n t r a c t i o n  state (sarcomere length).
Adfl-i -u.■^lonally, a decrease in muscle len g t h  gave rise to a large 

iLci“ease in fiber diameter. Figure 5 shows the effect of sarcomere 

6ilgth on fiber diameter. Reg r e s s i o n  analysis showed curvilinear 

S e s s i o n  lines w i t h  R's of .95 and .87 for A  and E  m aturity
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§r oups, r e s p e c t iv e l y .  F o r  th e  A m a tu r it y  group X^ c o n t r ib u te d  

si g n i f i cant i y  (P k . ,0 1 )  to  re d u c in g  v a r ia t io n  from  th e  r e g r e s s io n .  

^  le n g th s  le s s  th a n  2 .0  u , each in c re m e n t d e cre a se  i n  sarcom ere 

le n g th  r e s u l t e d  i n  a marked in c re a s e  i n  f i b e r  d ia m e te r. The 

re g re s s io n  l i n e  f o r  th e  E m a tu r it y  g roup  was a ls o  c u r v i l i n e a r  and 

the a d d it io n a l  r e d u c t io n  a t t r ib u t a b le  to  in c lu s io n  o f  X^ in  th e  

e!U a t io n  was s i g n i f i c a n t  (P < c .0 5 ) .  H e r r in g  e t  a l .  (1965b) showed 

a l in e a r  r e la t io n s h ip  betw een changes i n  sarcom ere le n g th  v e rs u s  

G a n g e s  i n  f i b e r  d ia m e te r, b u t t h i s  was e s ta b lis h e d  u s in g  tw e lv e  

d i f f e r e n t  m uscles and a v a r ia b le  o f  c a rc a s s  p o s i t io n  was a ls o

involved.
T a b le  2 shows th e  a n a ly s is  o f  v a r ia n c e  f o r  sarcom ere le n g th  

a£l(t f i b e r  d ia m e te r. The tre a tm e n t mean square  accounted  f o r  a 

ig h e r  p o r t io n  o f  th e  t o t a l  v a r ia n c e  th a n  th e  o th e r  f a c t o r s  f o r  

° lh  p a ra m e te rs . The e f f e c t  o f  age on sarcom ere le n g th  was h ig h ly  

s ig h i f ic a n t  ( P -¿ ..0 1 ) b u t t h i s  r e s u l t  sh o u ld  be in t e r p r e t e d  w ith  

aU ! io n .  The e xp e rim e n ts  were done on e x c is e d  p r e - r i g o r  p o r t io n s  

we p r e f e r  to  s p e c u la te  th a t  th e  age d i f f e r e n c e  i s  dependent i n  

upon a d i f f e r e n t i a l  re sp o n se  o f  th e  m uscle to  s t r e t c h  o r  

0llt r a c t io n .  As shown i n  T a b le  1 , a t  each degree  o f  s t r e t c h ,  th e

M a tu r it y  g roup  had a lo n g e r  sarcom ere le n g th  tha n  th e  E m a tu r it y

Si>°uP. T h is  a p p a re n t ly  was due to  some in h e re n t  p r o p e r t y  o f  th e

ascle  th a t  was d i f f e r e n t  betw een th e  two age g ro u p s .

Th e re  was a ls o  anim al v a r i a t io n  w it h in  each o f  th e  two age 
^ o Ups (Table 2) and th e  in t e r a c t io n s  were h ig h ly  s ig n i f i c a n t
(p

<••01) in d ic a t in g  a d i f f e r e n t i a l  i n  re sp o n se  to  tre a tm e n t

>etwe en and w i t h in  age g ro u p s . The e f f e c t s  due to  age and to
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P eatm ent on f i b e r  d ia m e te r were h ig h l y  s i g n i f i c a n t  ( P Z . 0 1 ) .

^h sc le  f i b e r  d ia m e te r has been shown b y  many w o rk e rs  (H in e r  e t  a l . , 

■*■953; J o u b e r t ,  1956; Tuma, e t  a l . , 1962; Romans e t  a l . , 1965) to  

g e n e ra lly  in c re a s e  w ith  an in c re a s e  i n  an im al age .

The mean v a lu e s  f o r  r e l a t i v e  p e rc e n t  f i b e r s ,  endomysium and

P r im y s ia l  m a te r ia l a re  g iv e n  in  T a b le  3» A n a ly s is  o f  v a r ia n c e

(^a b le  4-) showed a h ig h ly  s i g n i f i c a n t  e f f e c t  o f  tre a tm e n t on a l l

^hree com ponents. M uscle  w h ich  had been caused t o  c o n t r a c t  had a

la rg e r  p e rc e n t  a re a  o f  f ib e r s  and a s m a lle r  p e rc e n t  a re a  o f  b o th

ehdom ysia l and p e r im y s ia l  m a te r ia l th a n  r e s t  le n g th  o r  s t re tc h e d

M uscle. T h is  o b s e rv a t io n  i s  in t e r e s t in g  i n  v ie w  o f  th e  g r e a te r

°°ughness o f  th e  c o n tra c te d  m uscle (T a b le  5 ) ,  even th ou gh  le s s

P b c e n t  endom ysia l and p e r im y s ia l  c o n n e c t iv e  t is s u e  was o b se rve d

lri th e  c o n tra c te d  m uscles as compared to  th e  s t re tc h e d  m u sc le s .
Tb

ese d a ta  f u r t h e r  s u p p o rt th e  c o n te n t io n  o f  M arsh (1966) th a t  an 
V-f- (5'tl ,

'-com yosin" ty p e  to u ghness i s  im p o rta n t i n  c o n tra c te d  m uscle as

Coi3ipared  to  th e  c o n t r ib u t io n  o f  s o -c a l le d  "background  ' ty p e  to u g h -

iless c o n t r ib u te d  b y  c o n n e c t iv e  t i s s u e .  I t  has been a p p a re n t , and

°U;p d a ta  f u r t h e r  s u p p o rt  th e  o b s e r v a t io n ,  th a t  a s h e a r in g  fo rc e  
th

P u g h  a u n i t  a re a  o f  s t re tc h e d  m uscle must c u t  more f i b e r s ,  more 

eMom ysium  and more perim ysium  th a n  a s im i la r  sh e a r th ro u g h  com­

p e t e d  m u sc le . The p o s s i b i l i t y  o f  changes i n  m uscle c o n n e c t iv e  
ti

S3Ue i n  re g a rd  to  d r a s t ic  changes i n  m uscle le n g th  r e q u ir e s

s t i  gat i  on ,

S i g n i f i c a n t l y  (P Z  .0 1 ) more p e rim ysiu m  was o b se rve d  i n  th e  

Usc le  from  E m a tu r it y  c a rc a s s e s  as compared to  th o se  o f  A
P t U r i t y .  T h is  o b s e rv a t io n  i s  o f  i n t e r e s t  s in c e  ch e m ica l s tu d ie s
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5Ve n o t shown a s i g n i f i c a n t l y  g r e a t e r  t o t a l  c o n n e c t iv e  t is s u e  

c°ntent i n  th e  m uscles o f  o ld  th a n  i n  young a n im a ls . ( G o l l  e t a l . , 

'^ 3 , H i l l ,  1 966). The h ig h  e la s t in  c o n te n t i s  an im p o rta n t fe a tu re  

°f  b o v in e  s e m ite n d in o s u s , S ta n d in e  e t  a l . , 1949, V e n a b le , 1962).

T a b le  5 c o n ta in s  mean v a lu e s  f o r  sh e a r fo rc e  and p a n e l te n d e r -  

6SS* ^  s im p le  c o r r e la t io n  o f  - .8 1  (P-/ .0 1 ) was found  betw een th e
■k

0 te n d e rn e s s  measurement m ethods. Age had a h ig h ly  s ig n i f i c a n t  

< .0 1 ) e f f e c t  (T a b le  6 ) on sh e a r f o r c e  and p a n e l te n d e rn e s s .
p

s s ib l y  th e  h ig h e r  p e rc e n t  p e rim ysiu m  i n  th e  E m a tu r ity  g roup  had 

s°me in f lu e n c e .  Ja co b se n  and F e n to n  (1956) and G o l l  e t  a l . , (1963) 

P a rte d  t h a t  sh e a r fo rc e  v a lu e s  in c re a s e  and o rg a n o le p t ic  s c o re s  

^ ^ eiid e rn e s s  and ju ic in e s s  d e cre a se  w ith  in c re a s e d  anim al age. 

Bl>ady ( 1 9 3 7 )  and C l in e  e t  a l . ( 1 9 3 2 ) foun d  cows to  be s i g n i f i c a n t l y  

6Ss le n d e r  th a n  s t e e r s .  Tuma e t  a l .  (1963) a ls o  re p o rte d  th a t  

hderness d e cre a se d  as th e  age o f  th e  an im a ls  in c re a s e d . B io -  

hem ical s tu d ie s  (W ils o n  e t  a l .  1954) re v e a le d  th a t  th e  c o lla g e n

°ent o f  v e a l lo n g is s im u s  d o r s i  m uscle was g r e a t e r  th a n  th a t  from  

°lde3

^an,
' r  a n im a ls . G o l l  e t  a l .  (1963) su g g e ste d  th a t  a s t r u c t u r a l  

may ta k e  p la c e  i n  th e  c o lla g e n  as an anim al m a tu re s . More

c® n t ly , H i l l  (1966) p ro v id e d  p re s u m p tiv e  e v id e n c e  o f  an in c re a s e  
H t h

coil

■at
nii

age i n  number o r  s t r e n g th  o f  c r o s s - l in k s  o f  in t ra m u s c u la r  

agen. C r o s s - l in k in g  in f lu e n c e d  th e  s o l u b i l i t y  o f  c o lla g e n , 

i s  more c o lla g e n  was s o l u b i l i z e d  i n  m uscle from  yo u n g e r

aal s  th a n  from  o ld e r  a n im a ls . Data a re  n o t  a v a i la b le  on the  

e° t o f  m a tu r it y  on p r o p e r t ie s  o f  th e  m y o f ib r i l l a r  p r o t e in s .  

P ost-m ortem  a g in g  (T a b le  6 )  r e s u l t e d  in  t e n d e r iz a t io n  as
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^ a s u r e d  b y  sh e a r and p a n e l s c o re . The anim al age x  a g in g  p e r io d  

-in te ra c tio n  was s i g n i f i c a n t  (P  ¿ -.0 5 ) f o r  p a n e l te n d e rn e s s . T h is  

S ig n if ic a n t  in t e r a c t io n  was due to  in c re a s e d  t e n d e r iz a t io n  as 

•indicated b y  th e  p a n e l s c o re  d i f f e r e n c e s  b e in g  h ig h e r  betw een th e
¿|Q

^ d . 120 h r  a g in g  p e r io d  th a n  betw een th e  120 and 240 h r  a g in g

Psniod f o r  th e  A m a tu r it y  g ro u p . S im ila r  r e s u l t s  were n o te d  f o r

^ “satm ents 3 and 2 -8  i n  th e  E m a tu r it y  g ro u p . H ow ever, tre a tm e n ts  
1 P

’ and 4 showed l i t t l e  t e n d e r iz a t io n  as re v e a le d  b y  p a n e l sc o re

tn in g  th e  48-120 h r  p e r io d ,  b u t in c re a s e d  t e n d e r iz a t io n  d u r in g

e 120-240 h r  a g in g  p e r io d .  S im ila r  t re n d s  were re v e a le d  in  th e

k-ea r  f o rc e  v a lu e s .  Hanson e t  a l .  (1942) and Ramsbottom and 
Str

an d in e  (1949) su g g e ste d  t h a t  a g in g  a f fe c te d  m uscle f ib e r s  as

e-*-l as c o n n e c t iv e  t is s u e  f i b e r s .  H oagland (1917) i n  an e x te n s iv e

^udy drew  a t t e n t io n  to  e n zym a tic  d e g ra d a t io n . R e c e n t ly , Davey

G i lb e r t  (1966) found  t h a t  d i f f e r e n c e s  i n  th e  r a t e  o f  te n d e r -

2^ t io n  a re  n o t  p a r a l le le d  b y  s im i la r  d i f f e r e n c e s  in  th e  ra te s  o f

^ o t e o l y s i s .  Partm ann (1963) f e e ls  th e  r o le  o f  a ctom yosin  com plex

■'■ssociation i s  im p o rta n t i n  te n d e rn e s s  cha nges. In c re a s e d

P t> r i i ia r  p r o t e in  s o l u b i l i t y  w ith  p ost-m orte m  a g in g  has been

down b y  A b e r le  and M e rke l (1966) to  be p o s i t i v e l y  r e la t e d  to  
de

l e a s e d  sh e a r f o r c e  v a lu e s .

5)
The e f f e c t  o f  tre a tm e n t on te n d e rn e s s  and sh e a r fo rc e  (T a b le  

Was h ig h ly  s i g n i f i c a n t  (P z . .0 1 ) .  Th e re  was a d o u b lin g  o f  

a r f o rc e  as th e  sarcom ere le n g th  d e cre a se d  b y  50%. A t i n t e r -
she

ate  s t a t e s ,  th e  p a n e l fo u n d  la r g e  d i f f e r e n c e s  in  te n d e rn e ss
W

een th e  two age g ro u p s . On th e  o th e r  hand, g re a te s t  d i f f e r -  

s i n  sh e a r f o r c e  were o b se rve d  betw een age g roup s i n  th e  c o n -
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^acted s ta te s  (1 -4 )  a t  a l l  a g in g  p e r io d s .

M arsh and L e e t (1966) have r e c e n t ly  shown a com plex r e l a t i o n -

ShiP b e t w e e n  shortening and tenderness with shortening from 20% up 
to ¿L 00% re s u l t i n g  in decreased tenderness and with further shorten-

up to  60%, th e  m uscle became p r o g r e s s iv e ly  more te n d e r . How­
ever* > m  o u r  e x p e rim e n ts , a f t e r  m e asu rin g  a c tu a l sarcom ere le n g th s .

e have b e e n  unable to achieve shortening greater than what would

° ^ u a lly  c o rre s p o n d  to  M arsh and L e e t 's  40% s h o r te n in g  o f  e x c is e d

strips of b o v i n e  sternomandibularis muscles.

F ig u re  4 shows th e  r e la t io n s h ip  betw een f i b e r  d ia m e te r and

^ea r fo rc e  f o r  b o th  age g ro u p s . L in e a r  r e g r e s s io n  e q u a tio n s  gave

^P le  c o r r e la t io n s  o f  .82  and .8 7  f o r  A and E m a tu r ity  g ro u p s ,

* ® s p e c t iv e ly . T h is  i s  i n  c o n t r a d ic t io n  w ith  H in e r  e t  a l .  (1953)

0 showed, on us i n g  a n u m b e r  of muscles, a curvilinear relation-

^P betw een sh e a r fo rc e  and f i b e r  d ia m e te r. In  th e  p re s e n t  s tu d y , 
h.oWever, all of our measurements were made on the same muscle.
p

el  te n d e rn e s s  was a ls o  l i n e a r l y  r e la t e d  w ith  f i b e r  d ia m e te r.
Th.

e r e la t io n s h ip  betw een sh e a r f o rc e  and sarcom ere le n g th  (48 h r

st~m ortem ) i s  shown i n  P ig .  5 T o r  A and E m a t u r i t ie s .  W ith

P e ct to  th e  r e g re s s io n  l i n e  o f  b e s t  f i t  f o r  th e  A m a tu r it y

°Pp> the additional red u c t i o n  due to fitting the fourth degree

■'-ynomial was s i g n i f i c a n t  (P z _ .0 2 5 ) .  A t sarcom ere le n g th s  up to

the slope was d epicted as b e i n g  very steep, however, at

Pgths b e t w e e n  2.0 and 3»25 u, the slope was r e l atively flat

■‘-eating little change in shear force wi t h  increased sarcomere

Pgth i n  th e  l a t t e r  ra n g e . S im ila r  p a t t e rn s  were seen w ith  th e  
$ ^

at u r i t y  g ro u p . The d i f f e r e n c e  in  th e  shape o f  th e  r e g r e s s io n
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^ nes betw een th e  two m a tu r it y  g roup s was p ro b a b ly  due to  an age

eT fe c t .  P o s s ib ly  th e  m uscle f ib e r s  and c o n n e c t iv e  t is s u e  o f  th e  
E

m a tu r ity  g roup  a re  le s s  f l e x i b l e  as r e f le c t e d  b y  th e  r e la t io n s h ip  

between sarcom ere le n g th  and f i b e r  d ia m e te r i n  P ig .  1 . A ls o ,  

Sweater v a r i a b i l i t y  i n  sh e a r f o rc e  e x is t e d  i n  th e  E m a tu r it y  g ro u p .

CONCLUSION

On th e  b a s is  o f  th e se  r e s u l t s ,  i t  i s  r e a d i l y  a p p a re n t th a t  i t  

ls  more im p o rta n t , from  th e  s ta n d p o in t  o f  u lt im a te  te n d e rn e s s , to  

P revent p ost-m orte m  s h o r te n in g  th a n  to  in s u re  a maximum s t r e t c h .

e d i f f e r e n c e  i n  te n d e rn e ss  o f  m uscles s t re tc h e d  from  12 to  48%, 

alth o a g h  a p p a re n t , was n o t  o f  th e  m agnitude th a t  was e v id e n t  w ith  

v a r io u s  s ta g e s  o f  s h o r te n in g . S h o rte n e d  m u sc le s , even a f t e r  10 

??_s ° f a g in g  were n o t  a c c e p ta b le  i n  te n d e rn e s s . T h is  was most 

aE*Parent i n  th e  E m a tu r it y  g ro u p .



P u b lis h e d  w ith  th e  a p p ro v a l o f  th e  D i r e c t o r  o f  th e  W isco n s in  

A g r ic u l t u r a l  E xp e rim e n t S t a t io n .  T h is  in v e s t ig a t io n  was su p p o rte d  

P a rt  b y  a re s e a rc h  g ra n t  from  th e  Cam pbell Soup Company, 

amden» New J e r s e y .  Acknowledgem ent i s  a ls o  made o f  th e  use o f  

e^ ip m e n t p u rch a se d  th ro u g h  P u b lic  H e a lth  S e rv ic e  R e sea rch  G ra n t 

 ̂ (C ? )  from  th e  D iv is io n  o f  E n v iro n m e n ta l E n g in e e r in g  and

\ P°°d P r e le c t io n .  Departm ent o f  Meat and Anim al S c ie n c e  manu- 

s° r ip t  No. 454.

.

I

I
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^ab le  1. F ib e r  D ia m e ter and Sarcom ere Length in Relation to 
C o n t r a c t io n  S ta te  (S e m ite n d in o s u s )

treatm ent*5

Sarcom ere
M a t u r i t y

A

le n g th 3
M a t u r i t y

E

F ib e r  - 
M a tu r it y  

A

d ia m e te r3
M a tu r it y

E

1 (-4 8 % ) 1.61 1 .44 68.01 79.64

2 (-3 6 % ) 1 . 7 2 1 .56 61.34 75.45

5 (-2 4 % ) 1.83 1.75 57.81 68.12

^ (-1 2 % )
««* 2 .04 1.90 57.44 61.44

5 (+12%) 2 . 5 2 2.26 50.26 56.68

6 (+24%) 2.79 2.59 46.10 49.97

? (+36%) 2.98 2.85 43.64 46.86

8 (+48%) 3.21 2.99 40.90 44.18

V a lu e s  p re s e n te d  i n  m ic ro n s .

S e m ite n d in o su s  p o r t io n s  (e x c is e d  45 m in . p o st-m o rte m ) were 
p e rm it te d  to  c o n t r a c t  to  s p e c i f i c  p e rc e n ta g e s  o f  p re ­
e x c is e d  le n g th s  as shown i n  tre a tm e n ts  1 -4 ; s im i la r  p o r t io n s  
were s t r e t c h e d -r e s t r a in e d  to  s p e c i f i c  p e rc e n ta g e s  o f  p re ­
e x c is e d  le n g th s  as shown i n  tre a tm e n ts  5 -8 .

A c c o rd in g  to  USDA B e e f G ra d in g  S ta n d a rd s , 1985* ( S ix  
e n im a ls  p e r  m a tu r it y  g r o u p ) .



^a b le  2 . A n a ly s is  o f  V a r ia n c e  f o r  Sarcom ere L e n g th  and 
F ib e r  D iam eter

Source d f
Sarcom ere

le n g th a
F ib e r

d ia m e te ra

Age 1 57.57** 20,146.32**

Anim al/age 10 3.66* * 3,117.17**

^neatment 7 365.24** 24,257.5**

=̂>e X tre a tm e n t 7 .762** 833.24**

■^im al X tre a tm e n t/a g e 70 1.137** 154.60**

Error 2304
(9504 f o r  f i b e r  

d ia m e te r)

.08 22.38

** T> .01

^ean sq u a re s
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A c c o rd in g  to  USDA B e e f G ra d in g  S ta n d a rd s , 1965.



^able 4-. A n a ly s is  o f  V a r ia n c e  f o r  M uscle Components

Source d f % F ib e r s 0 % Endomysium0 % P erim ysium 0

Age 1 1.81 5.57 13.39**

tre a tm e nt 7 36.25* * 19.23** 3.29**

A x  T 7 .5 2 1.13 .254

E r r o r 80 3.71 3.05 1.136

* *  .01
cl

Mean sq u a re s



TABLE 5. Shear force and panel tenderness score as affected by state of post-mortem contraction 
and post-mortem aging. 

Shear Force Panel Scorec 
Maturity Maturity Maturity Maturity 

48" 
A E A E 

a 120 240 48 120 240 48 120 240 48 120 240 Treatment 
1 (-48%) 13.3 11.3 9.2 15.1 14.4 12.0 2.3 3.2 3.5 1.8 1.9 2.3 

2 (-36%) 11. 0 10.0 1.1 14.9 11.8 10.8 2.6 3.5 4.3 2.0 2.2 2.9 

3 (-24%) 9.2 8.4 6.9 13.5 10.9 10.2 3.3 3.9 4. 1 2.2 2.7 2.9 

4 (-12%) 1.1 6.5 5.5 10.9 9.6 9.2 4.4 5.8 5.7 2.7 2.9 3.5 
- - --- ---- - - -- ~ ---
5 (+12%) 6.7 5.3 5.3 9.2 7.2 6.9 5.0 6.0 6.o 3.1 4.3 4.7 

6 (+24%) 6.8 .5.3 5.2 8.6 6.8 6.5 4.9 5.7 6.5 3.8 5.0 5.1 

7 (+36%) 6.6 5.2 4.8 8. 1 6.5 6.0 4.8 6.0 6.Z 4. 1 5.l 5.3 

8 (+48%) 6.4 5.1 4.9 8.8 6.7 6.2 5.2 6.2 5.9 4.3 4.9 4.7 

asemltendinosus portions (excised 45 min. post-mortem were permitted to contract to 
specific percentages of pre-excised lengths as shown In treatment 1-4; similar portions 
were stretched-restrained to specific percentages of pre-excised lengths as shown in 
treatments 5-8. 

bshear force In kg. on 1.27 cm. core. 
cPanel score based on Hedonlc scale, 1 very tough to 9 very tender, 
dPost-mortem aging in hours (4° C.). 
eAccording to USDA Beef Grading Standards 1965 (Six animals per maturity group). 



■^able 6 . A n a ly s is  o f  V a r ia n c e  f o r  Shear F o rc e  and P anel 
Te n d e rn e ss  S co re

Source d f S hear f o r c e a
P anel te n d e r ­

ness s c o re a

ASe ( a ) 1 410.68* * 118.66**

% uag p e r io d  (B ) 2 154.90** 27.98**

treatm ent ( T ) 7 216.27** 45.87**

A x  B 2 2.45 1.65*

A x  T 7 6 .18 1.70*

A x  B x  T 14 .676 .261

E r ro r 254 3.298 .707

* PZ-.05 

** P < .0 1

Nean sq u a re s



E x p la n a t io n  o f  F ig u re s

Pig. 1 

Pig. 2

Ji8. 3

^ g .  4

A p p a ra tu s  f o r  r e s t r a in in g  m uscle p o r t io n s .

E n la rg e d  v ie w  o f  clamp em ployed i n  a p p a ra tu s  f o r  r e s t r a in ­

in g  m uscle p o r t io n s .

E f f e c t  o f  sarcom ere le n g th  on f i b e r  d ia m e te r. S c a t te r  

d ia gram  show ing each m a tu r it y  group  w ith  re g re s s io n  l in e s  

drawn from  r e g re s s io n  e q u a t io n s . R e g re s s io n  e q u a tio n s :

A m a t u r i t y ,  Y = 1047.74 -  1608.20 X + 971.17 X2

-  258.44 X3 + 25.40 X4

(R  = .9 5 )

E m a t u r i t y ,  Y = 137.15 -  51.79 X + 7.057 X 2

(R  = .8 7 )

E f f e c t  o f  f i b e r  d ia m e te r on sh e a r f o rc e  (48 h r .  p o s t ­

m ortem ). S c a t t e r  d iagram  show ing each m a tu r it y  group 

w ith  r e g r e s s io n  l in e s  drawn from  r e g re s s io n  e q u a tio n s . 

R e g re s s io n  e q u a t io n s :

A m a t u r i t y ,  Y = .238 X -  4.101

r  = .82

E m a t u r i t y ,  Y = .229 X -  2.596

r  = .87

E f f e c t  o f  sarcom ere le n g th  on sh e a r fo rc e  (48 h r .  p o s t ­

m ortem ). S c a t t e r  d iagram  show ing each m a tu r it y  group 

w ith  l in e s  drawn from  r e g r e s s io n  e q u a t io n s . R e g re s s io n

e q u a t io n s :

A m a t u r i t y ,  Y = 329.06 -  5 .0 5 .0 6  X + 294.14 X2

-  76.08 X5 + 7.55 X4 

R = .90

E m a t u r i t y ,  Y = 35-05 -  16.14 X + 2.618 X2

R = .75


