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 ̂ °decyl su lfa te  polyacrylam ide gel electrophoresis (SDS-PAG E) w as u sed  to d etect changes in  th e h igh
r h e ig h t protein s, t it in  and nebu lin , and low er m olecular w eigh t p rotein s. P urified  m yofibrils w ere

Ned ft.
\  0m StnP lo in  s tea k s  P °stm ortem  aged for vary in g  len g th s o f tim e  from  b u lls , cows and s teers .

^  Postmortem  aging tim e w as accom panied by loss of th e  T i band of titin . The T i band persisted  longer
is

°m cows. N eb u lin  w as observed more freq uently  in  steak s from carcasses o f bu lls and in  less tender*
°m steers and cows. P roteo lysis of th ese  two large structural proteins seem s to be o f significance in  b e e f  

tization.
A c t i o n :

ln the m yofibrillar proteins have been show n to be related to changes in  b e e f  steak  ten derness (Parrish e t

N d e r i

the
Olson et al., 1976; M acBride and Parrish, 1977). The fragm entation o f th e  m yofibril a t or near th e Z lin e

E d u c tio n  o f th e  30 ,000  dalton  com ponent coincide w ith  im proved ten d ern ess (O lson e t al., 1976; O lson
ariish, 1977; Olson e t al., 1977). Indeed, th e m yofibril fragm entation index accounts for about 50 percent o f

Leef lo in  steak  ten d ern ess (O lson and P arrish , 1977). More recen tly  our w ork on th e postm ortem  
'«ip oi t it in  and nebulin  ind icates th a t  th eir  degradation is  re la ted  to b e e f  steak  ten derization  (P aterson

^ s h ,
V t i

1987; A nderson and Parrish, 1989 ).

W  ° t  t itin  and nebulin  in  bovine lon g issim u s dorsi m uscle. 
\  J A N D  M ETH O DS:

1Ve o f th is  stu d y  w as to exam in e th e effects o f an im al age and  sex  and postm ortem  ag in g  on th e

\  'V6re obtained from the carcasses o f ten  bullocks, ten steers (= 14 m onth s o f age) and ten  cows (44 - 108
^  n a^6 ‘̂ ®trip lo in s w ere rem oved from  carcasses at approxim ately tw enty-four hours postm ortem . E ach

'V   ̂ strip lo in s w ere ind ividually  vacuum  packaged and stored a t 2°C. Two 2.86 cm steak s and two 1.27
' V  Were rem oved r̂om eack str iP io in  a t th ree , seven , fou rteen  and  tw en ty -e igh t days postm ortem ,

V 8 ckaged, frozen and stored at -20°C un til an a lysis. Sensory a ttr ib u tes and W am er-B ratzler shear force 
V. ^  deterrm ined on steaks broiled to an  in ternal tem perature o f 65 °C.
\ , ,  ^°^brils u sed  for an a lysis  by SD S-PA G E w ere iso la ted  from raw  sam p les taken  from  1.27 cm th ick

a<ljaCe
to th e 2 .8 6  cm thick steak s o f each sex  and age category a t th e  four postm ortem  aging periods by  

W . ^®Cation o f th e  m ethod by Lusby e t al. (1983).
as done according to th e procedure o f Laem m li (1970) w ith  m odifications to accom m odate separation  

^«i_. 'tith  w id ely  different m olecular w eigh ts . A 5% polyacrylam ide (acrylam ide/bisacrylam ide = 100:1,
I

*3%%  ̂ 'Vas u sed  to m onitor changes in  ex trem ely  high m olecular w eigh t proteins (e.g., titin  and nebulin)
p°lyacrylam ide (acrylam ide/bisacrylam ide = 37:1, w /w) slab gel, w ith  a 5% polyacrylam ide stack in g  

8ed to m o n ito r  ch an g es  in  low er  m o lecu la r  w e ig h t m y o fib r illa r /c y s to sk e le ta l p r o te in s .
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iWFigure 1 o f a 12% SDS-PAGE electrophoretogram  show s th a t in  th e  more ten der sam ple a t day 3 postmo
30.000- dalton com ponent band is  fa in tly  present, w hile at days 3 and 7 postm ortem  in  th e more tough sa ^
30 .00 0 - d alton  com ponent b an d  is  not yet observed. The g rea test in crease  in  in te n s ity  o f the 30,

incom ponent seem ed to coincide w ith  th e largest reduction in  shear force v a lu es and the largest increase 
p an el d eterm in ation s o f fiber fragm en tation . T he 30 ,000-d alton  com pon ent w as observed , howev

to

appeared in  all sam ples in  th is  study by 28 days postm ortem .
Figure 2 of a 5% SDS-PAG E electrophoretogram  show s th a t in creasin g  tim e postm ortem  w as accomp3

d r
ed earlieflo ss  o f th e  T i band o f t it in  (upper band) and by a loss o f th e nebu lin  band. The T i band disappeare er

c  . . .  in  slightly 10ten d er steak s. Increased  in te n s ity  o f th e  T2 band seem s to in d ica te  breakdow n o f t it in  into  ^
m olecu lar w eig h t com ponents. L ess n eb u lin  w as seen  in  ten d er  s te a k s  a t 3 days postm orten •

j cows-postm ortem  or later, nebu lin  w as not p resen t in  tender or le ss  ten der steak s from bulls, steers, anu ,ei
t inF igure 3 o f a 5% SDS-PAG E electrophoretogram  show s th at a nebu lin  band w as con sisten tly  Prese y 3
fit ^  ^from  b u lls  (lan es 4, 5, 6 ) and older an im als (cows, lan es  7, 8 , 9), w h ile  i t  w as not a lw ays prese

postm ortem  in  sam ples from steers (lanes 1, 2, 3). ^
F igu re 4  o f a 5% SD S-PA G E  electrop horectogram  sh ow s th e  T i b an d  o f t it in  m ore frequently
postm ortem  in  sam ples from  older an im als (cows, lan es 7, 8 , 9) th an  in  sam p les from  steers and bull®

, f l0v/eT
through 6 ). The sam ples from  older an im als (cows, lan es 7, 8 , 9) a lso  had th e h eav iest T 2 bands

(13 '̂
b»0*
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V ,
e 1- 12%  S D S -P A G E  g e l o f  p u r i f ie d  m y o f ib r i ls  f r o m  " to u g h "  a n d  " te n d e r "  lo n g is s im u s  s a m p le s  

f ro m  tw o  s te e r ca rcasses  o v e r  a l l  p o s tm o r te m  a g in g  t im e s

" T O U G H " " T E N D E R "
% Postmortem Aging

bf

S T D  3  7  1 4  2 8  3  7  1 4  2 8

205,000 -

45,000 -

« U B  f lT W jjn  XI I U J1 Q f lm rr  t f , .5 * 3  P I  W T

*

29,000
t'^ner.D
!t>er p öratz le r Shear ( k g / c m 2 ) 

^ m e n ta t io n  (Sensory)
3.9 4.1 2.5 2.1 1.9 1.9 1.5 1.5
93ß 913 119.3 127.9 123.2 128.0 135.4 138.7

- 30,000-dalton

>eu
6 2- 5% S D S -P A G E  gel o f  p u r i f ie d  m y o f ib r ils  fro m  "to u g h " a n d  " te n d e r"  lo n g iss im u s  sam ples 

rro m  tw o  s te e r carcasses o ve r a l l  p o s tm o rte m  a g in g  tim e s

" T O U G H ” " T E N D E R "

/

Days Postmortem Aging

T itin

N e b u lin  -

M y o s in  •

S T D  3  7  1 4  2 8  3  7  1 4  2 8

^arner-Bratzler Shear (kg/cm2) 
'bar Fragmentation (Sensory)

3.9 4.1 2.5 2.1 1.9 1.9 1.5 1.5
933  913  119.3 127.9 123.2 128.0 135.4 138.7
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F igu re 3. 5% SD S -P A G E  gel o f  pu rified  m yofibrils from  lo n g iss im u s  sa m p les  from  carcasses o 
b u lls , steers  and  older a n im a ls  (cow s) a t 3 d ays p ostm ortem

c

S T E E R S  B U L L S  C O W S

M y o sin  -

W arner-Bratzler S h ea r  ( k g / c m 2 ) 1.9 
Fiber Fragm entation (S en sory ) 123.2

2.5  3 .9  2 .7  5 .0  3.2  2 .0  2.5  4 -3
120.8 9 3 3  114.2 52.7 106.9 70.0 110.4

F igu re 4. 5 %  S D S -P A G E  g e l o f p u rified  m yofib rils  from  lo n g is s im u s  sa m p le s  from  carcasse 
b u lls , s te e r s  an d  older a n im a ls  (cow s) a t  14 d ays p o stm o rtem

S T E E R S  B U L L S  C O W S

of

1 5  6  7  8 9  STD

T itin  -

M y o s in

W arner-B ratzler S h e a r  ( k g / c m 2 ) 1.5  1 .6  2 .5  2 .7  2 .7  2 .9  2.9 2 .1  ^ 3
Fiber F ragm entation  (S e n so r y )  135.0 119.6 119.3 103.0 8 5 3  116.8 102.5 13
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