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o 1 y s i s of. l n t r amuse ui an co nn ec t i ve t i ssue d u r i n o  post mor tein c o n d i t i o n i n g  of beef m u s c l e .

B e r n a l , v . m . and S t a n l e y , d . w .

De partment of Food Scie nc e, U n i v e r s i t y  of Guelph. Guelph, O n ta ri o. N 1G 2W1 , CANADA.

•Lilt_r Qdnr f i nn .
The extent to w h i c h  c o n n e c t i v e  t i s s u e  of m u s c l e  iswho+K ~ ------ • ■“ ........ ............ w, i= w e a k e n e d  d u ri ng c o n d i t i o n i n g  and

c tf|er such w e a k e n i n g  ma k e s  a c o n t r i b u t i o n  to the te nd er i z at i on p r o c e s s  o b s e r v e d  in meat 
on di t i o n i n g  r e ma in u n c l e a r  (Penny, 

this 1980; E t h e r i n g t o n ,  1984!. It is g e n e r a l l y  b e l i e v e d  that
_  t ender i z at i on is r e l a t e d  only to the b r e a k d o w n  of m y o f i b r i l l a r  and pe rh a p s  c y t o s k e l e t a l  
deoCle p r o t e i n s  and not t0 c h a n g e s  in c o n n e c t i v e  t i s s u e  (Davey, 1984). Howe ve r, the e n z y m a t i c
^ g r a d a t i o n  of c o l l a g e n  may play a r o le in meat t e n d e r iz a t i o n . Kr ug ge l and Fi el d (1971) and

Biffer et al. (1972) r e p o r t e d  that st ru c t u r a l  c h a n g e s  in i n t r a m u s c u l a r  c o l l a g e n  took plac e 
an(jer s t r e t c h i n 9' c o n d i t i o n i n g ,  or stretchi.ng and s u b s e q u e n t  c o n d i t i o n i n g  of muscle. St an l e y  
ex+ B r °wn (1973) found that p o s t m o r t e m  c o n d i t i o n i n g  r e s u l t e d  in an i n c r e a s e  in total am ou nt of 
ctl A c t a b l e  c o l l a g e n  and in a r e p l a c e m e n t  of large, less c h a r g e d  m o l e c u l e s  by small, h i gh ly 

r ged m o l e c u l e s  in e l u t i o n  p a t t e r n s  of e x t r a c t e d  co ll ag en . In a d d i ti on , c o l l a g e n a s e  and 
PoSf SDmal e n z '/mes have been show n to p r o d u c e  st ru c t u r a l  c h a n g e s  si mi l a r  to thos e involved in

s t m o r t e m  c o n d i t i o n i n g  of meat (Eino and S t a n l e y  1973a; Du ts on , 1974; R o b b i n s  and Cohen, 1976;
°b b >ns et a l ., 1979) .

and C h a n g e s  in thermal s t a b i l i t y  of i n t r a m u s c u l a r  c o n n e c t i v e  t i s s u e  (C hi zz ol in i et al., 1975) 
p Q  e ndon c o l l a g e n  ( L ed wa rd et a l ., 1975) may also occur d u ri ng c o n d i t i o n i n g .  More re ce nt ly , a 
tl9fto°r te m r e d u c t i o n  in d é n a t u r a t i o n  t e m p e r a t u r e  of c o l l a g e n  was r e p o r t e d  by Ju dg e and A b e r l e  
9ene ' Snd bY M i U s  et a l ■ (1984). B a i l e y  (1985) s t a t e d  that if a r e d u c t i o n  of te ns io n 
C0i lrated d u ri ng c o l l a g e n  th er ma l s h r i n k a g e  is pr ov ed to occur d u r i n g  c o n d i t i o n i n g ,  a role for 

i a g e n in +■ H O n ne t mnn + om e X »•> > 4 _ . 1 J l_   __a._i_iz._a_ ■ r> ■ ,Co]; *" bhe p o s t m o r t e m  t e n d e r i z a t i o n  of meat co ul d be e s t a b l i s h e d .  Some r e d u c t i o n  in
The d9en is om et ri c t e n s i o n  after 3 week s t o r a g e  at 4° C has been o b s e r v e d  by E t h e r i n g t o n  (1984). 
0nlSE a u t h o r s  ag r e e  that for the c o l l a g e n  f i b e r s  to lose some th er m a l  and me ch a n i c a l  s t a b i l i t y  

*'/ a f e w  bo nd s wo u l d  h a ve to be broken.

att TtlS USe ° f an e x ° g e n o u s  c ol 1 agenol y t i c e n z y m e  to t e n d e r i z e  meat p o s t m o r t e m  ha s been
lr,us hmpted by several wo r k e r s .  N o n - s p e c i f i c  p r o t e i n a s e s  (i.e., papain) are kn ow n to re su lt in 
iso ’ o v e r t e n d e r i 2 e d  m u s c l e s  (B ro ok s et al., 1985). K o pp and V a l i n  (1980) r e p o r t e d  that
i te ns i o n  d e v e l o p e d  d u ri ng h e a t i n g  of ep im ys ia l c o n n e c t i v e  t i s s u e  was r e d u c e d  upon
obta a t i ° n the '"usl:le with a c r u d e  p r e p a r a t i o n  of ly so so ma l e n zy me s. Si mi la r r e s u l t s  were
P0 s . 1 ned by B o nn et and K o pp (1984a) upon i n c u b a t i o n  w i th A c h r o m o b a c t e r  i o o h a a u s  c o l l a g e n a s e .  
show m° r * Bm i n j e c t i o n  of t h is b a c t e r i a l  c o l l a g e n a s e  into c o l 1 a g e n — rich b o v i n e  m u s c l e  has been 
K " Pr od u c e  a r e d u c t i o n  in shear fo r c e  and an i n c r e a s e  in e x t r a c t a b l e  c o l l a g e n  (Bonnet and 

p P > 1 9 8 4 b ).

the_ o b j e c t i v e s  of the pr es en t work w e r e  to e x a m i n e  p o s s i b l e  p o s t m o r t e m  m o d i f i c a t i o n s  in
cDndm a  ̂ ar>d m e c h a n i c a l  s t a b i l i t y  c h a r a c t e r i s t i c s  of i n t r a m u s c u l a r  c o l l a g e n  o c c u r r i n g  d u ri ng 
Bne ’wi nn in g and to d e t e r m i n e  the ef fe ct of the p o s t m o r t e m  i n j e c t i o n  of ba ct er ia l c o l l a g e n a s e  

da ra ti on s f r o m  Clost r i d i urn h i s t o l y t i c u m  and A ^  i o p h a o u s  on t h e s e  c h a r a c t e r i s t i c s .
Mat

^Dia_l_s and methods.
imme dBee,f st e r n o m a n d  i bul ar i s m u s c l e  s a m p l e s  w e r e  o b t a i n e d  f r o m  18 m o n t h - o l d  C h a r o l a i s  s t ee rs 
rem0 v lately after s l a u g h t e r  at the U n i v e r s i t y  of G u e l p h  ab ba to ir . E p i m y s i u m  wa s c a r e f u l l y  
SamDi,ed ,fr°m the m u s c l e  and the c l e a n e d  s a m p l e s  w e r e  dice d into small cu b e s  (3 cm) . Some 
MO) Ss w e re i n je ct ed w i th C_^ h i s t o l y t i c u m  c o l l a g e n a s e  (Type IV, S i g m a  C h em ic al Co., St. Lo ui s  
0.3g 5 u sp en de d in 0 . 0 5  M T r is h y d r o x y m e t h y l - m e t h y l - 2 - a m i n o - e t h a n e  s u l f o n a t e  (TES) bu ff er with 
M E s C l j ’ PH  7.5, or Aj_ i o p h a o u s  c o l l a g e n a s e  (a gift f r o m  I n st it ut Past eu r, Paris) in 0.02
tofai1S My dr o x y m e t h y 1 ami no m e t h a n e  (Tris) bu ffer w i th 0.5 M NaCl and 3 mM CaClg, pH 7.4
hg/jn ‘d j e c t i o n  v o lu me w a s  5 ml in 100 g of muscle, 
dayg 0 9 muscle. All s a m p l e s  w e r e  c o n d i t i o n e d  at

The
n e t t i n g  a final e n z y m e  c o n c e n t r a t i o n  of 30 

21 C for 24 hrs. and then at 4°C for nine

tiss ^tter h o m o g e n i z a t i o n  in a So rv al l O m n i m i x e r  w i th 0.6 M K C 1 , i n t r a m u s c u l a r  c o n n e c t i v e  
Vi,,t u * i * as c a r e tu ll y d i s s e c t e d  f r o m  the c o l l a g e n o u s  m a te ri al a d h e r e d  to the rotor helix. Sinc e* ( ■£ i. _ 1 - — -“ /     .. .... ... v» w w . a a a “ w . . w . w w ww >- > > i_ , w V 1 MCI A ,, . U i ML C
's° l a f lly a11 m y o f i b r i l a r  and e p i m y s i a l  m a t e r i a l s  had been r e m o v e d  f r o m  the m u s c l e  samples, the 

®d m a te ri al w a s  a s s u m e d  to c o n t a i n  pr i m a r i l y  p e r i m y s i u m  and some en d o m y s i u m .  
is°lat C e x p e r i m e n t s  w e r e  p e r f o r m e d  as d e s c r i b e d  e l s e w h e r e  (Bernal and Stan le y, 1986). Fr es h l y  
Were ®p c o n n e c t i v e  t i s s u e  s a m p l e s  (5-15 mg) plus a p p r o x i m a t e l y  10 ul of T r is bu ff er (pH 7.4) 
Rpnf e ated at 5 C/ mi n f r o m  25 to 100 C in the D S C  cell of a Du Pont 1090 Thermal A n a l y z e r  (Du
Ihst- n s truments, W i l m i n g t o n ,  D E ). T e n s i l e  s t r e n g t h  of c o l l a g e n  f i b e r s  was me a s u r e d  in an 
K *versal T e s t i n g  M a c h i n e  u s i n g  plastic c l a m p s  to hold the s a mp le s. C o l l a g e n  f i b e r s  (20

mm, 2. 5— 3 . 5  mg) w e r e  kept in 0.06 M KC1 until tested. M a x i m u m  fo r c e  and work of
® Í  n r  r  O 4  1 m a e  H ( A + W A  A A  \ I.IA A A  A m a  n n  _  4- - . . .  1 m .  « ¿  «, _  f  O _  _  / _  Z _ _ _  ^  C h  d  T  ^

['Un+' 5pt ur e
s P6b h . 'torce t i m e s  di st an ce ) w e r e  r e c o r d e d  at a c r o s s h e a d  v e l o c i t y  of 2 m m / m i n  and 

50 mm/min.

Stsui*.
¿Jd. d i s c us si on .

temper.^ th re e s a m p l e  g r o u p s  s h o w e d  a s i g n i f i c a n t  (P<0.05> d e c r e a s e  in co l l a g e n
ture (T_) w i th c o n d i t i o n i n g  (Fig.

Ch and e r le (1982) and likely

denat ur at i on
1). T h is T_ r e d u c t i o n  is si mi la r to that r e p o r t e d  by 
i n d i c a t e s  that s o me c h a n g e s  in the s t ru ct ur al' U p A _ , -  * U- » * / w / a. i i a a r\ c  a / a i i u a u a i i c s  i l l  a  (. s u i i i c  u i i a  i i y  c  = a i i  u i i c  -u v i u u  i  u  u  i

*P<0_g_P r 2s t i cs of c o l l a g e n  h a ve o c c u r r e d  d u r i n g  c o n d i t i o n i n g .  No s i g n i f i c a n t  d i f f e r e n c e s  
Dsna+. zn Tn w e re o b s e r v e d  b e t w e e n  th e s a m p l e  g r o u p s  at any gi v e n  c o n d i t i o n i n g  time, 
than r_ation enthnan

f t *
that

e n t h a l p i e s  (idH) of c o n d i t i o n e d  s a m p l e s  after 10 d a y s  w e r e  n o n s  i gn i f i c an 1 1 y smaller 
of the initial co nt ro l (Table 1). D i f f e r e n c e s  in the final PiH v a lu es su gg e s t  that

ger lâti o n s  e x i s t e d  am o n g  the c o n d i t i o n i n g  tr e a t m e n t s .  The d e c r e a s e  in û H  was s i g n i f i c a n t l y  
* ° r the s a m p l e  t r e a t e d  w i t h  Aj_ i o p h a o u s  c o l l a g e n a s e ,  i n d i c a t i n g  that the c h a n g e s  in
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F i g u r e T e m p e r a t u r  es 
c o n d i t i o n i n g .

of d é n a t u r a t i o n for c o n n e c t i v e t i s s u e f r a c t i o n s

Table E n t h a l p i e s  of d é n a t u r a t i o n  for c o n n e c t i v e  t i s s u e  fr ac t i o n s .  Means 
the same letter are not s i g n i f i c a n t l y  d i f f e r e n t  at the p r o b a b i l i t y  
P < 0 . 05.

with 0f
level

S a m p l e ¿jH (J/g dry sample)
a

Control (initial) 52.7 + 10.6 A

Co nt ro l (10 d a y s ) 4 9 . 5  + 10.8 A

C. h i s t o l y t i c u m  c o l l a a e n a s e  
t r e a t e d  m u s c l e  (10 days)

4 5 .3 + 12.8 A, B

A. i o o h a q u s  c o l l a g e n a s e  
t r e a t e d  m u s c l e  (10 days)

3 2 . 1 6  + 8. 8 B

± S t a n d a r d  d e v i a t i o n  of six re p l i c a t e s .

i n t r a m u s c u l a r  c o n n e c t i v e  t i s s u e  p r o d u c e d  by t h is e n z y m e  w e r e  the most severe. „e11
U p on c o n d i t i o n i n g ,  the gr ad ua l a p p e a r a n c e  of a s h o u l d e r  at the onset of the c o l 1 j* 

m e l t i n g  peak of the s a m p l e s  t r e a t e d  w i th A^_ i o p h a o u s  c o l l a g e n a s e  w a s  n o t i c e d  (Fig. 2). tfif
sh o u l d e r  may re fl ec t a looser o r g a n i z a t i o n  of the c o l l a g e n  f i b e r s  c a u s e d  by an in c r e a s e  ¿n 
am ou nt of wate r bein g able to p e n e t r a t e  the c o l l a g e n  ne tw or k and a s u b s e q u e n t  r e d u c t i o n  *n -a' 
e n er gy of c r y s t a l l i z a t i o n  of c o l l a g e n  as a re su lt of c ol 1 agenol y si s . The sh a p e  of the o*
c u r v e s  of the other two s a m p l e  g r o u p s  did not change. The d e c r e a s e  in thermal s t a b i l i v  g. 
c o l l a g e n  may be s i g n i f i c a n t  e n o u g h  to c o n t r i b u t e  to t e n d e r i z a t i o n  of meat d u ri ng co ndition* (f 

R e s u l t s  f r om the t e n s i l e  s t r e n g t h  m e a s u r e m e n t s  are p r e s e n t e d  in Ta b l e  2. T h e s e  re ^ric 
p r o v i d e  fu rt he r e v i d e n c e  for the c h a n g e s  in c o n n e c t i v e  t i s s u e  a p p a r e n t  f r o m  the c a 1 or i 
e x p e r i m e n t s .  C o l l a g e n  f i b e r s  i s o l a t e d  f r o m  intact m u s c l e  r e q u i r e d  a h i gh er m a x i m u m  force 
th o s e  f r om c o n d i t i o n e d  and c o l 1 a g e n a s e - t r e a t e d  samples. D i f f e r e n c e s  in work of r u p t u r e  jS1
also i n di ca te d i f f e r e n c e s  in m e c h a n i c a l  s t r e s s  among the samp le s. Ag a i n  th e s e  r e s u l t s  sU?3g^ 
that the A_j_ i o p h a o u s  c o l l a g e n a s e  t r e a t m e n t  may be more e f f e c t i v e  in d i s r u p t i n g  the 0
s t r u c t u r e  than that of the Cj_ h i s t o l y t i c u m  pr e p a r a t i o n .  The r e d u c t i o n s  in t e n s i l e  strengi 
m u s c l e  tr ea te d with C^_ h i s t o l y t i c u m  c o l l a g e n a s e  o b s e r v e d  by E i n o  and S t a n l e y  (1973b) may
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^‘Sure 2. Th er ma l c u r v e s  for the m u s c l e  s a m p l e s  t r e a t e d  
c o l l a g e n a s e .  C o n d i t i o n i n g  times (a) 2 hours; (b) 
(d) 4 days; te) 7 days; ( f ) 10 days.

with A_i. i o p h a o u s
day ; (c ) 2 d a ys ;

4am Table 2. T e n s i l e  s t r e n g t h  m e a s u r e m e n t s  f r o m  the c o n n e c t i v e  t i s s u e  
e letter are not s i g n i f i c a n t l y  d i f f e r e n t  at the p r o b a b i l i t y  level of

samples. 
P < 0 . 05.

Me a n s  w i th the

S a mp le M a x i m u m  fo r c e  (g) WorK of r u p t u r e (g .m m )a

Control (initial)

Control ( i 0 d a y s )

M s t o l y t i c u m  c o l l a g e n a s e  
tr ea t e d  m u s c l e  (10 days)

Ai. i o p h a o u s  c o l l a g e n a s e  
t r e a t e d  m u s c l e  (10 days)

2 5 2 . 5  + 3 7 .4 A 

179. 3 + 35.2 E

14 6. 5 + 3 6 .8 B

73.7 + 29.2 C

16337 + 2 5 13 A 

14947 + 2 6 0 8  A, B 

11 97 0 + 2 1 4 8  B iC

4 7 9 0  + 1138 C

1  S t a n d a r d  d e v i a t i o n  of 10 re p l i c a t e s .

mec^ ' * D* a d e c r e a s e  in c o n n e c t i v e  t i s s u e  t e n s i l e  st re ng th . In the pr es en t study, the re du ce d 
tis a n i c al s t a b i l i t y  fo u n d  in the control s a m p l e s  after 10 d a ys s u g g e s t s  a role for c o n n e c t i v e  
inj u e . b r e a k d o w n  in the t e n d e r n e s s  d e v e l o p m e n t  t a k i n g  pl ac e d u r i n g  meat c o n d i t i o n i n g .  The 
°t>serv ° n ° f ba ct er ia l c o l l a g e n a s e  e n h a n c e d  the r e d u c t i o n s  in ther ma l and me ch a n i c a l  s t a b i l i t y

are C o n n e c t i v e  t i s s u e  c h a n g e s  are b e l i e v e d  to be the re sult of ly so so ma l e n z y m e  a c t i v i t y  and 
<t°C) l<nown to be a f f e c t e d  by the t e m p e r a t u r e  at wh i c h  c o n d i t i o n i n g  t a k e s  place. W h i l e  lo w li­
r e ^  t e m p e r a t u r e s  may not f a c i l i t a t e  th e s e  chan ge s, c o n d i t i o n i n g  at 3 7 ° C  is know n to pr om ot e 
Sojuase of ly so so ma l enzy me s, e n h a n c i n g  p o s t m o r t e m  c o n n e c t i v e  t i s s u e  c h a n g e s  and c o l l a g e n
to* lty (Wu et al ., 1981). In t h is study, ly so so ma l e n z y m e s  r e l e a s e d  d u ri ng the first 24 hr,

‘■orín r emain a c t i v e  t h r o u g h o u t  the w h o l e  c o n d i t i o n i n g  period, and be r e s p o n s i b l e  for the
Chane c * ' ve t i s s u e  c h a n g e s  o b s e r v e d  in the cont ro l. Th e s e  e n z y m e s  may a l so c o n t r i b u t e  to the 
Pr0^®es o b s e r v e d  in the other two s a m p l e  groups. The d e g r a d a t i o n  of m u c o p o l y s a c c h a r i d e s  or 
enjy e °9'>'4ans a s s o c i a t e d  w i th c o l l a g e n  f i b r i l s  in c o n n e c t i v e  t i s s u e  may be r e q u i r e d  b e fo re 
th6s es w i th c o l 1a g e n o l y t i c  a c t i v i t y  (lys os om al c a t h e p s i n s  B, L and N) are able to de gr a d e  
in fi be rs (Wu et al ., 1981; E t h e r i n g t o n ,  1984). L y s o so ma l g l y c o s i d a s e s  may h a ve been a c ti ve
4nq e m u scle samples, f a c i l i t a t i n g  col 1 a g e n o l y t i c  a c t i v i t y  of both n a t i v e  ly so so ma l p r o t e a s e s  

1Crobial p r e p a r a t i o n s  i n j e c t e d  into the muscle. M i c r ob ia l p r o t e o l y t i c  a c t i v i t y  may take
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place at the latter s t a g e s  of c o n d i t i o n i n g .  A l t h o u g h  a shift in pH f r o m  7.0 to 6.0 does no
T_ nor af fe ct CiH (H ellauer and Wi n k l e r ,  1975), the re di stributi 0fp r o d u c e  c o m p a r a b l e  c h a n g e s  .,, .  ̂

of ions that o c c u r s  d u r i n g  rigor d e v e l o p m e n t  may be anot he r way in w h i c h  p o s t m o r t e m  
c o n d i t i o n i n g  a f f e c t s  the thermal s t a b i l i t y  of c o l l a g e n  (A be rl e and Mills, 1933).

A p p l i e d  t e n s i l e  s t r e s s  is th ou g h t  to p r o d u c e  a sl id i n g  of the c o l l a g e n  t r i p l e  hel>£ 
r e l a t i v e  to each other and a s t r e t c h i n g  of the t r i p l e  h e l i c e s  t h e m s e l v e s  (Mosler et al., 1985 j 
P r o g r e s s i v e  f i b r il la r d i s s o c i a t i o n  into 15 nm s u b f i b r i l s  and, in some in stances, further i11 
3.5 nm m i c r o f i b r i l s ,  s e e m s  to be the pr im a r y  f a i l u r e  m e c h a n i s m  in n a t i v e  t e nd on su bj ec te d 
me ch a n i c a l  s t r e s s  (Torp et al., 1975). T h is d i s s o c i a t i o n  r e f l e c t s  the c o l l a p s e  of the colls9 
c o n s t i t u e n t s  of the fiber and not b r e a k d o w n  of noncol 1 a g e n o u s  m a t e r i a l s  (Torp et al., 197- 
A l t h o u g h  no s i n g l e  u n i t s  (either f i b r i l s  or su b f i b r i l s )  are b e l i e v e d  to run c o n t i n u o ^ 5 '

t#

t«
t heth ro ug h a c o l l a g e n  fiber, some c o n t i n u i t y  (thr ou gh t e l o p e p t i d e  c r o s s l i n k i n g )  is b e li ev ed 

exist along the fiber (Mosler et al . , 1935). Thus, p o s t m o r t e m  p r o t e o l y s i s ,  by br e a k i n g
c o n t i n u i t y  t h r o u g h o u t  c o l l a g e n  fibers, will pr od u c e  a s i g n i f i c a n t  r e d u c t i o n  in the te ns i o n  tn j 
th e s e  f i b e r s  can stan d b e f o r e  r u pt ur e. On the other hand, th er ma l s t a b i l i t y  of c o l l a g e n  w> 
refl ec t the st r e n g t h  of n o n c o v a l e n t  f o r c e s  that keep t r opoc o 11 agen and indi vi du al h e l i c f̂ 
a l i g n e d  t o ge th er ra th er than m a i n t e n a n c e  of i n t e r m o l e c u 1ar c r o s s l i n k s  t h r o u g h  wh i c h  c o l l 3^  
po ly me r i z e s .  Th es e n o n c o v a l e n t  f o r c e s  may not be c o n s i d e r a b l y  a f f e c t e d  d u r i n g  co nd it io ni ng !  
i n d i c a t e d  by the r e l a t i v e l y  small r e d u c t i o n s  in T^ and £ H  ob s e r v e d ,  p a r t i c u l a r l y  in the 
control . 1

F r om our work it s e e m s  that p o s t m o r t e m  p r o t e o l y s i s  p r o d u c e s  c h a n g e s  in intramuscu* 
c o l l a g e n  s t ab il it y. Th e s e  c h a n g e s  are m o re ap p a r e n t  f r o m  t e n s i l e  s t r e n g t h  m e a s u r e m e n t s  tt\( 
f r om c a l o r i m e t r i c  e x p e r i m e n t s .  N e v e r t h e l e s s ,  both t e c h n i q u e s  s h o w  s i g n i f i c a n t  a l t e r a t i o n s  . 
c o n n e c t i v e  t i s s u e  over the c o n d i t i o n i n g  period. B e c a u s e  of the i m p o r t a n c e  of c o n n e c t i v e  t i 
in meat t e x t u r e  it w o u l d  be logical to ex pect t h is b r e a k d o w n  to play a r o le in p o s t m o r t e m  h 
t e n d e r i z a t i o n ; however, the p r e c i s e  d e t a i l s  of t h is are far f r o m  be i n g  u n d e r s t o o d .  B e f o r e  f 
i m p o r t a n c e  of thes e c h a n g e s  to the final text ur al c h a r a c t e r i s t i c s  of c o n d i t i o n e d  meat and th® 
p o s s i b l e  impact on its s e n s o r y  a t t r i b u t e s  can be e s t a b l i s h e d ,  fu rt he r r e s e a r c h  is necessary-
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