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The f a c t  t h a t  l e s s  te n d e r  m eats r e q u ire  m o is t h e a t cooking methods 
been known f o r  a long  tim e . The c o n te n t o f  c o lla g e n  in  such m eats 

i s  r e l a t i v e l y  h ig h  and i t s  co n version  to  g e la t in  i s  much more ra p id  w ith  
ihe m oist h e a t p ro ced u re  th an  w ith  d ry  h e a t .  B efore a d e s ir a b le  r a t e  of 
co llagen  co n v ersio n  w i l l  occur th e  tem p era tu re  o f  th e  f i b e r s  must be s u f
f i c i e n t  to  cause sh rin k a g e . T h is sh rin k ag e  has been shown to  be a m e ltin g  
P o in t phenomenon (1 , 2, 3 ) ,  and as such  i s  in f lu e n c e d  by environm ental 
f a c to r s .  W inegarden (U) e t  a l .  found t h a t  co n n ec tiv e  t i s s u e s  from b e e f 
so ftened  when h ea ted  a t  6^°C b u t n o t much change occu rred  a t  60°C. S ince  
beating  was perform ed w ith  th e  t i s s u e s  b a th ed  in  w a te r r a th e r  th an  a t  th e  
PH and s a l t  c o n c e n tra tio n  c h a r a c t e r i s t i c  o f  meat i t  may be p re d ic te d  th a t  
bbe tem p e ra tu res  re p o r te d  were to o  h ig h .

The use  o f p r o te o ly t ic  enzymes in  l e s s  te n d e r  m eats i s  expected  to  
sho rten  th e  tim e  and to  reduce  th e  f i n a l  tem p era tu re  re q u ire d  to  o b ta in  
te n d e rn ess . S in ce  most enzymes a re  in c ap a b le  o f  a l t e r in g  undenatured  
co llag en  (5 ) l i t t l e  o r  no e f f e c t  upon c o lla g e n  should  be a n t ic ip a te d  
befo re  h e a tin g  to  th e  re g io n  o f th e  sh rin k ag e  te m p e ra tu re .

We have observed  th a t  th e  ju ic e  ex p ressed  from b e e f does d ep re ss  th e  
sh rinkage tem p era tu re  o f  c o lla g e n  and have confirm ed th e se  f in d in g s  w ith  
P ro te o ly t ic  enzymes.

M a te r ia ls

C o llag en . — C enter corium  s l i c e s  were o b ta in ed  from s te e rh id e  which 
Was e x tra c te d  w ith  10% NaCl U tim e s , d e fa t te d  w ith  e th e r ,  and ag a in  ex
t r a c te d  w ith  1 m olal NaCl. I t  was then  washed w ith  w a te r u n t i l  c h lo r id e  
f r e e .

E pim ysial membrane re g io n s  c o n ta in in g  a l a y e r  o f  a d jac e n t m uscle 
f ib e r s  w ere d is s e c te d  from b e e f  bottom  round and e x tra c te d  5 tim es w ith  
e th e r  a t  2°C. The e th e r  was removed a t  th e  same tem p era tu re  w ith  ace to n e  
ahd th e  l a t t e r  removed under vacuum.

r_ ^ F re sh  ep im y sia l and p e rim y s ia l c o lla g e n  f ib e r s  were te a s e d  from th e  
Membranes o f c u ts  o f bottom  round o b ta in e d  from a lo c a l  m arke t.
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Heat j u ic e .  — Meat ju ic e  was ex p ressed  from f r e s h  bottom  round a t  
P ressu res  ran g in g  from 7 to  £6 kg/cm2 in  a s t a i n l e s s  s t e e l  p is to n  and c y l
in d e r d e v ic e , which was s lo t t e d  to  p e rm it escape o f th e  j u ic e .  The ju ic e  
was hea ted  to  6£°C and c e n tr ifu g e d  to  o b ta in  a c le a r  s o lu t io n .  H eating 
tim e was lo n g  enough th a t  when th e  s o lu t io n  was re h e a te d  to  6£°C g ro ss  
c o ag u la tio n  o f p ro te in  d id  n o t o ccu r .

Methods

S hrinkage te m p e ra tu re . — Shrinkage te m p e ra tu re , Tg , measurements 
Were perform ed w ith  a F ish e r-Jo h n s  m eltin g  p o in t  ap p a ra tu s  which c o n ta in s  
* th e r m o s ta t ic a l ly  c o n tro l le d  tem p e ra tu re  b lo c k . The w e ll o f  th e  b lo ck  was 
flooded w ith  th e  t e s t  s o lu t io n  and th e  c o lla g e n  f ib e r s  were p laced  on g la s s  
cover s l i p s  which were th e n  in v e r te d  on to p  o f th e  s o lu t io n .  The cover 
sl i p s  he lped  m a in ta in  a uniform  f l u i d  tem p era tu re  by d ecreasin g  th e  evap
o ra tio n  s u r f a c e .

Tem perature c o r r e c t io n .  — A c a l ib r a t io n  f a c to r  o f  -1 .3°C  was d e te r 
mined w ith  p u r i f i e d  d ipheny l amine (m .p. £ 2 .8 -5 3 .2°C ).

E f fe c t o f pH on sh rin k ag e  te m p e ra tu re . — The e f f e c t  o f  pH on sh rin k ag e  
° f  h id e  c o lla g e n  was observed  in  th e  ran g e , pH U .0 -6 .£  u sin g  th e  Na?HP0t. — 
° i t r i c  a c id  b u f f e r s  o f  Me IL vaine (6 ) .

E f fe c t  o f  s a l t s  on sh rin k ag e  te m p e ra tu re . — The e f f e c t s  o f NaCl,
MgClpj and CaClp in  v a ry in g  c o n c e n tra tio n s  were determ ined  w ith  h id ecollagen.

A ction  o f p ap ain  r e l a t i v e  to  sh rin k ag e  tem p e ra tu re  o f s o lu t io n .  — A 
P u r if ie d  p re p a ra t io n  o f pap a in  was d is so lv e d  in  h e a t - c l a r i f i e d  meat ju ic e  

produce a  range o f c o n c e n tra t io n s , 0 .6  to  £ .0  mg/ml. The e f f e c t s  o f  
he s o lu t io n s  upon h id e  c o lla g e n  were observed  under th e  same c o n d itio n s  

Used to  determ ine  Tg . The e f f e c t s  o f  th e  s o lu t io n s  upon f r e s h  p e rim y s ia l 
l i b e r s  were a lso  observed .

R e su lts

The re d u c tio n  in  Ts due to  pH fo llow ed  a r e l a t i v e l y  smooth curve and 
amounted to  a lm ost 20 degrees a t  pH U.O (T able  I ) .  W hile i t  app ears  th a t  
a l l  th e  e le c t r o ly te s  have some d ep re ss in g  e f f e c t s  upon T_ th e  n a tu re  of 
ih e  io n s  i s  o b v io u s ly  im p o rtan t (T able  I I ) .

When th e  o b se rv a tio n  o f sh rin k ag e  was a ttem p ted  w ith o u t p r io r  c l a r i -  
ic a t io n  o f th e  meat ju ic e  th e  f ib e r s  became obscured  by th e  co ag u la tio n  

p r o te in s .  However, th e  pH o f th e  ju ic e  was n o t a l te r e d  by th e  p rocedu re  
employed and i t  i s  assumed th a t  sh rin k ag e  tem p e ra tu res  c h a r a c t e r i s t i c  o f th e  
media were n o t a f f e c te d .  The a c tu a l sh rin k ag e  occu rs  over a range o f 2 to  3 

ag rees b u t th e  tem p e ra tu res  re p o r te d  here  r e p re s e n t  th e  v a lu e s  a t  which th e
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?°®t a c t iv e  sh rin k ag e  was ap p aren t when th e  h e a tin g  r a t e  was approx im ate ly  
1 degree p e r  m inute (T able I I I ) .

At a c o n c e n tra tio n  o f  5 mg/ml o f meat ju ic e  papain  caused ra p id  d i s 
s o lu tio n  o f h id e  f i b e r s  a t  th e  sh rin k ag e  tem p era tu re  p re v io u s ly  determ ined  
lo r  th e  s o lu t io n s .  When heated  slow ly  th e  f ib e r s  d is so lv e d  w ith o u t ap p aren t 
sh rin k ag e . At an enzyme c o n c e n tra tio n  o f 0 .6  mg/ml sh rin k ag e  o ccu rred  w ith  
ho ap p aren t s o lu t io n  w h ile  a t  in te rm e d ia te  c o n c e n tra tio n s  b o th  sh rin k ag e  and 
so lu tio n  were a p p a re n t.

When p e rim y s ia l f i b e r s  were h ea ted  in  th e  papain  s o lu tio n s  t h e i r  ap
pearance was q u i te  d e c e p tiv e , p a r t i c u l a r ly  a t  th e  h ig h e r enzyme concen
t r a t i o n s .  A lthough sh rin k ag e  was n o t observed in  th e  expected  tem p era tu re  
reg ion  th e  form  o f th e  f i b e r  rem ained v i s i b l e .  When th e  cover s l ip  was 
d is tu rb e d , however, th e  form d is in te g r a te d  showing th a t  th e  c o lla g e n  had 
°een a t ta c k e d . F u rth erm o re , when th e  s o lu tio n s  were hea ted  r a p id ly  ($  to  

d eg rees/m in * ) th e  f i b e r s  shrank d ra m a tic a l ly  in  th e  expected  range*

A p re p a ra t io n  o f b eef m uscle c a th e p s in  f r a c t io n a te d  th rough  th e  DEAE 
c e l lu lo s e  s te p  acco rd in g  to  th e  p rocedure  o f Landmann (7) was a ls o  employed 

a p a r a l l e l  s tu d y . However, th e  f i b e r s  were obscured  due to  p ro te in  co
p u l a t i o n .  F u r th e r  s tu d ie s  w i l l  be conducted w ith  more h ig h ly  p u r i f ie d  
Muscle p ro te a s e .
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C onclusions

,  W hile muscle c o lla g e n  c h a r a c t e r i s t i c a l l y  sh r in k s  in  w ater in  th e  range 
7 C th e  f lu i d  environm ent n o rm ally  found in  meat cau ses  th e  phenomenon 

o occur n e a re r  to  60 d e g re es . When s p e c ia l  te n d e r iz in g  ag en ts  a re  n o t em
ployed t h i s  f a c t  i s  most im p o rtan t when cooking i s  perform ed a t  low tem pera- 
u res  f o r  long  p e rio d s  o f tim e . A lthough i t  i s  known th a t  enzymes may slow ly  

ack c o lla g e n  a t  tem p era tu res  below Ts ,  th e  r a t e  o f  c o lla g e n  breakdown i s  
HUite slow u n t i l  th e  tem p era tu re  o f  sh rin k ag e  i s  a t ta in e d .

 ̂ The c o n tr a s t  in  b eh av io r tow ard enzymes betw een h id e  c o lla g e n  and p e r i 
m ysial f ib e rs^ re m a in s  to  be ex p la in ed . A p p aren tly  th e  c o lla g e n  from meat i s  

, a s s o c ia te d  w ith  e n zy m e -re s is tan t m a te r ia l  (perhaps m ucopolysaccharide)
wnich a f fo rd s  th e  f ib e r s  in c re a se d  s t a b i l i t y  to  h e a t .

X.

2.

Summary

S hrinkage o f co lla g en  f i b e r s  occurs n e a r  60°C in  meat r a th e r  th an  about 
65 deg rees  which i s  th e  tem p era tu re  o f  sh rin k ag e  in  w a te r .

The re d u c tio n  in  sh rin k ag e  i s  a t t r i b u t e d  to  th e  pH and s a l t  environm ent 
found i n  m eat.
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3.
tem p e ra tu ree g ra d a t^0n ° f  COllagen occurs P r in c ip a l ly  above th e  sh rin k ag e
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T able  I

The e f f e c t  o f  pH upon th e  sh rin k ag e  tem p era tu re  o f h id e  c o lla g e n  f ib e r s

pH

h.O
Lu8
5.2
5.9
6.5

(H20)

Shrinkage tem p era tu re  
_____ (°C) (c o rre c te d )

US
51
Sh
57
59
6h

T able  I I

The e f f e c t s  o f  c e r ta in  s a l t s  upon th e  shrinkage tem perature o f  h id e c o lla g e n
r ib e r s  ^

S a lt  co n cen tra tio n  
— (M olar ity )

0.02
0 .0 5
0 .0 8
0.10
o.i5*
0.20
0 .3 1
o.5o
1 .0
1.5
2.0

S hrinkage tem p era tu re  (°C)
NaC1________ MgCl2 CaCl2

59

59

59

59

59
57

s i

51

U8
h2
37
27

57
53

52

51

hS
35
2h
10

Table I I I

Shrinkage tem p e ra tu res  o f  c o lla g e n  f ib e r s  in  meat ju ic e

PH

S. 1*5-5.62* 
5.9

Hide 
f ib e r s

5W 53.5-56)** 
56(55-57)"**

Shrinkage Temperature (°C)
“ i-Tesh p er im y sia l U e la lte d  p e rim y sli

* PH range from f iv e  d i f f e r e n t  meat samples 

** °h serv ed  range o f sh r in k a g e .

f ib e r s

59(58-61)**
60(59-61)**

f ib e r s

59(59-61)**




