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P roduction

the V î  raw
c l i f f  ^ l a t i v e

meat i s  dependent on 
p roport ions  o f  the

i . e erent myoglobin d e r i v a t i v e s ,  
itietmL . , oxymyoglobin (MbOo),  
3nd y°9 ^ °b in  (MetMb, f e r r im y o g lo b in )
fel  deduced 
a ^myoglobin) 
lir,,0or  e l e c t ro n

(G,o0-T,9e

myoglobin (Mb, 
MetMb uni ike Mb is  

donor at the s ix th  
& Stratman, 1954; 

, 1973),  and is  r e sp o n s ib l e  
Q*idi d r °wn to b lack  appearance o f  

meat -  S a l t  i s  known to 
(Chah o x id at ion  in p o s t - r i g o r  meat 
I96n 9 & Watts ,  1950; E l l i s  et  a L ,  

Greene et  a j . . ,  1971; Greene & 
(l988\ ,l 975 ) ,  but Torres  et a l .
adcJin7 bave r e c e n t l y  reported  that  
st^bi? . Sa t̂. to  p r e - r i g o r  ground bee f  
^ i n t a ' 2^  the reb c o lo r  by 
Mbo a in ing a high p roport ion  o f
He*?* . pr e - r i g o r  g r in d in g  o f  raw
also uh i ^e the pH i s  s t i l l  high has
0)<ldat^en r e P ° r ted to minimize l i p i d  

?n ( ° wen & Lawr ie ,  1975; 
y ££ ¿ 1 - ,  1986).

ârirt
9  t h e  a h n v p  f a r t c  i p
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%  \ f f  -  , 
ri9o,.ffects

the above f a c t s  in mind, the 
study was designed to 

exp lo re  the r o l e  o f  s a l t  and 
peat pigment o x id a t io n .  Thus, 

> o f  s a l t  l e v e l ,  pH, and 
bPon s t a te  ( p r e  -v e r su s  p o s t - r i g o r )  
5itochnrtihe a c t i v i t y
iV t ! ° ndrial and 

p ?ns o f  muscle were 
p ropor t ions  

over  96 hr .  at

o f  the 
microsomal  
r e l a t e d  to  

o f  Mb, MbO 
4°C. 2

F ^AL s
y"i9or AND METHODS 

bottom round muscle was

obta ined  from b ee f  ca rcasses  w i th in  
45 min. o f  s l a u g h te r  from the 
a b a t t o i r  o f  the Meat Labora tory  at 
Michigan S ta te  U n iv e r s i t y .  The 
p o s t - r i g o r  samples were exc ised  from 
the c o n t r a l a t e r a l  muscle o f  the same 
ca rcasses  at 24 hr.  post-mortem as 
desc r ibed  by Torres  et a l -  (1988) .

P repa ra t ion  o f  Sarcoplasmic Extract  
Both the p re -  and p o s t - r i g o r  meat 
samples were minced by tw ice  pass ing  
through a meat g r in d e r .  A 150g 
minced sample was homogenized in a 
co ld  (4 °C )  0.25M g ly c e ro l  so lu t ion  
conta in ing  5jjM sodium iodoace ta te  to 
a r r e s t  g l y c o l y s i s .  The sarcoplasmic  
e x t r a c t  was obta ined  by c e n t r i 
fu ga t io n  at lOOOg f o r  10 min. at 0°C 
and then was d iv id ed  in to  two 
p o r t i o n s .  One port ion  was ad justed  
to pH 7.4 and the o ther  to 5.4 by 
adding NaOH or  l a c t i c  ac id ,  
r e s p e c t i v e l y .  The e x t r a c t s  were 
kept cool in crushed ic e .  Each 
e x t r a c t  was f u r t h e r  d iv id ed  into  3 
p a r t s ,  with the f i r s t  part  
conta in ing  both the mitochondria l  
and microsomal f r a c t i o n s .  From the 
second p a r t ,  the mitochondria were 
e l im inated  by c e n t r i f u g a t i o n  and 
from the t h i r d  par t  both the 
mitochondria and microsomes were 
removed by sequent ia l  c e n t r i f u g a t i o n  
using the method o f  Schenkman & 
Cint i  (1978 ) .  Each e x t r a c t  was 
f u r t h e r  d iv id ed  into  4 par t s  and 
NaCl was added to make the f i n a l  
concentrat ion  0 .0 ,  0 .5 ,  2.0 and 4.0% 
s a l t .  A l l  samples were s tored  at  
4°C, and analyzed f o r  myoglobin  
d e r i v a t i v e s  a f t e r  0, 24, 48 and 96
hr.

Determination_ _ _ _ _ _ o f _ _ _ _ _ _ Myoglobin
D e r i v a t i v e s
R e l a t i v e  percentages  o f  Mb02 and 
MetMb were determined by the method 
o f  Broumand et al_. (1958 ) .  A 5 ml 
sample was c e n t r i f u g e d  at 600g f o r  5 
min. and sub jec ted  to spec t ro -  
photometric read ings  at 475, 507,
573 and 597 nm with the percentages  
o f  Mb02 and MetMb being computed
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using the method o f  Broumand et al_. 
(1958) .

S t a t i s t i c a l  A n a ly s i s  
The data  were analyzed s t a t i s t i c a l l y  
using a f a c t o r i a l  and complete b lock  
design as ou t l in e d  by Steel  & T o r r i e
(1980) in o rde r  to p a r t i t i o n  the 
in f lu ence  o f  the v a r i a b l e s  ( r i g o r  
s t a t e ,  pH v a lu e s ,  s u b c e l l u l a r  
o r g a n e l l e s ,  s a l t  co n cen t ra t ions )  and 
t h e i r  in t e r a c t i o n s .  The s torage  
per iods  were t r e a t e d  as b locks f o r  
a n a ly s i s  o f  v a r ian ce .  The
s i g n i f i c a n c e  between mean
d i f f e r e n c e s  was determined by using  
e i t h e r  l e a s t  s i g n i f i c a n t  d i f f e r e n c e  
(LSD) or  by Duncan's m u l t ip l e  range  
t e s t  as exp la ined  by Duncan (1955) .

RESULTS AND DISCUSSION 
Data in Tab le  1 demonstrate that  the 
sarcop lasmic  e x t r a c t  from p o s t - r i g o r  
meat contained s i g n i f i c a n t l y  more 
Mb02 and l e s s  MetMb than that  from 
p r e - r i g o r  meat (P < 0 . 0 5 ) .  This i s  
s u r p r i s i n g  in view o f  the f a c t  that  
Torres  et a]_. (1988) found a h igher  
proport ion  o f  Mb02 in p r e - r i g o r  
s a l t e d  than in p o s t - r i g o r  s a l t e d  
meat. The low percentage  o f  Mb02 in 
the p r e - r i g o r  sa rcop lasmic  ex t ra c t  
may be a s so c ia ted  with the susta ined  
demand f o r  oxygen by the 
mitochondria ,  s ince  the e l e c t ron  
t r an s po r t  system o f  mitochondria in 
the sa rcop lasmic  e x t r a c t  from p r e 
r i g o r  meat i s  l i k e l y  to be 
p o t e n t i a l l y  a c t i v e  (Andrews et a ] . . ,  
1952; Saleh & Watts ,  1958).

I n f l u e n c e  o f  p H
The sa rcop lasmic  e x t r a c t  ad justed  to 
pH 5.4 conta ined a s i g n i f i c a n t l y  
higher  percentage o f  Mb02 (P < 
0 .0 5 ) ,  and a lower  percentage o f  Mb 
than the sample ad justed  to pH 7.4  
(Tab le  1 ) .  This agrees  with  
Cornforth  & Egbert (1985) who 
observed high "a "  va lues  ( r edness )  
f o r  minced b e e f  at low pH. In the 
present  study,  however, the 
proport ion  o f  MetMb was not 
s i g n i f i c a n t l y  in f lu enced  (P > 0.05)

atby pH. These obse rva t ion s  are 
va r iance  with the genera l  conceP 
that  o x id a t io n  o f  Mb is  d i r e c t s  
r e l a t e d  to pH in the range o f  5 t°  
(Brown & Mebine, 1969).

an 
,iron

C
The decrease  in the a f f i n i t y  
oxygen f o r  haem with decreasing P., 
va lues  i s  c a l l e d  the "Bohr e f f eC 
( P e ru tz ,  1970), which is  based on 
a l l o s t e r i c  in t e r a c t i o n  o f  haem-'' 
( a c t i v e  c e n te r )  and the proto 
b inding  s i t e  ( a l l o s t e r i c  center -  
Depending on the degree . 
d i s s o c i a t i o n  o f  the proton-binjh  
s i t e ,  the p ro te in  moiety o f  ■)* s 
acqu ires  one o f  two conformât!0 
(T -  or  R - s t a t e ) ,  which d i f f e r . 
t h e i r  oxygen a f f i n i t y  (Antonin1 J  
B ru n o r i , 1971). I t  i s  — ~~„coc\ tn 
a high pH may enhance 
o f  the s a l t  b r idge  
protonated imidazo le  
and carboxyl  ate o f  the 
r e s id u e ,  and hence 
deoxy- r e l a t i v e

i n  

ni.
proposed - ty 
the stabi l  "  

between ■ e 
o f  h i s t i d ; d 
aspa r t i c  a° e 

s t a b i l i z e s  
to the

conformation o f  haem. A '' n 
concentra t ion  o f  protons may we^ ein 
the bond between oxygen and 
i ron ,  thereby  f a c i l i t a ^
d i s s o c i a t i o n  o f  oxygen T j, 
myoglobin (Antonini  & Brun° „ 
1971). Moreover,  the r a te  o f  ha • $ 
g lo b in  d i s s o c i a t i o n  at low 3t 
repor ted  to be h igher  than 
p h y s io l o g i c a l  pH (Gotoh & ShiKa 
1974).

, j
A l l  these ob se rva t ion s  may hole 
f o r  a pure myoglobin syslc'0f 
However, the in te r ac t io n s  ^
d i f f e r e n t  o r g a n e l l e s  in an 
sa rcop lasmic  e x t r a c t  may have 
important bea r ing  on the 
concen t ra t ion ,  and thus 
c h a r a c t e r i s t i c s  may dev iate  
that  in pure so lu t io n ,
in stance ,  i t  has been reported  
the r e s p i r a t o r y  a c t i v i t y  
mitochondria  in the sa rcoP|a 
e x t r a c t  in c reases  upon ra is in9  53; 
pH from 5.1 to 7.1 (Lawr ie ,  1 j$ 
Stewart  et  a]_.,  1965). I f  t at 
so, then the sa rcop lasmic  extra

9 6 6



S  pH
?*y9en.in

i s  l i k e l y  to be dep leted  o f
Hbn ma^ ^ead a decrease

the 2̂ l e v e l s  and an increase  in 
(%) Pe]"centage o f  deoxymyoglobin  
in The g r e a t e r  p roport ion  o f  Mbthe

in sarcoplasmic  
comparison to

^wf^stäntiates 
% Vu’ the pH
he Mhn°Ut 3%

6n ^ cbt°2 l eve l

e x t r a c t  at pH 
pH 5.4 (Tab le  

these v iews,  
e f f e c t  accounted f o r  

o f  the v a r i a t i o n  in 
o f  the sarcoplasmic

o f  Mitochondria and

the data in 
sarcoplasmic  

s i g n i f i c a n t l y  
MbO£ in the

^bles aPParent from 
* that  The 

Î9her mainta ined  a 
r Sence Percentage o f  
i I'Qsn doth mitochondria and 
11 Vigwmes* This i s  understandable

e the f a c t  that  cytochrome
J V  9Se’ which is  the terminal  

o f  the mitochondria l  
t ^duc0^  chain,  r e q u i r e s  oxygen 
w° uiti 6 4 e l e c t ro n s  from the chain  
¡ter 1 ,a t e l y  form 2 molecules o f  

f ^eby lBrunori et  a l . ,  1975),  
H'^atio ^ ^ i m i z i n g  oxygen r a d i c a l  
dltochonH’ . Thus, the presence o f  
s^dlete T 3 would be expected to  
j^Copi . oxygen le ve l  in the 
o  ̂ smic ex t ra c t  and would lead  

ŝ LCenty> Reduction in the MbO?
ih 6llul1on‘ The data for th® Cm n)icJ ar o r9a n e l l e s  (mitochondria
tk ^ c t i , ° s,0rnes) suggests  that  they  

v3ri t accourit f o r  only 7% o f  
i n aTion in the percentage o f

t. the _ ^de sarcop lasmic  e x t r a c t .
,.arnP l es were s tored  at low 

$MC|y ) r e ( 4 ° c )  in the present  
be 6l lm  the a c t i v i t y  o f  the

° S ellweoSuljS
ta  temperature.

l i k e l y  to  
occur at

JLf
1

Concentrat ion  
shown in Table  

a si l e  that  s a l t  concentrat ion  
^tkb°? ! n i f i c a nt e f f e c t  (P < 0.05)  
^Ci ihcr r>Cenba®e ’ which decreased  

i n 6asing concentrat ions  o f  
the sarcoplasmic  e x t r a c t .

S a l t  concentrat ion  accounted f o r  
about 11% o f  the v a r i a t i o n  in the 
percentage o f  MbC^. The percentage  
o f  MetMb increased  with in c re a s in g  
s a l t  l e v e l s ,  but the Mb percentage  
remained r e l a t i v e l y  constant .  This  
agrees  with the f in d in g s  o f  Wa l lace  
et  a l .  (1982) and Caughey & 
Kamanishi (1983) which in d ica ted  
that  c e r t a in  anions ( C l " ,  CN", N j )  
inc rease  the r a te  o f  ox id a t ion  in 
MbOo. P o s s i b l y ,  these anions bind  
to naem-iron and change i t s  redox  
po ten t ia l  to f a vo r  o x id a t io n  o f  Fe2+ 
to Fe , or they may p r e f e r e n t i a l l y  
s t a b i l i z e  the Fe3+ r e l a t i v e  to the 
Fe2+ s t a te  o f  haem-iron.  I t  is  
emphasized that  to a l a r g e  extent  
the ox ida t ion  r a te  o f  haem-iron  
depends on the concentra t ion  and 
n u c l e o p h i l i c  c h a r a c t e r i s t i c s  o f  the 
anions.  Thus, c h lo r i d e ,  being the 
l e a s t  n u c l e o p h i l i c  ion,  would be 
requ ired  in a high concentra t ion  to  
a f f e c t  the r e a c t io n .  On the other  
hand, a high concentrat ion  o f  NaCl 
(5%) would i n h i b i t  the MetMb- 
reducing a c t i v i t y  o f  the meat 
system, thus f a v o r in g  formation o f  
MetMb (Stewart  et  aj_., 1965).

These in fe rences  are con tra ry  to 
that  reported  in a recent  paper by 
Torres  et al_. (1988 ) ,  which showed 
that  the add i t ion  o f  s a l t  helped to  
maintain the d e s i r a b l e  red c o lo r  in 
p r e - r i g o r  minced b ee f ,  whereas ,  the 
unsa lted  sample r a p i d l y  l o s t  i t s  
c h a r a c t e r i s t i c  red c o l o r .  I t  should  
be pointed out,  however, that  the 
d iscrepancy  in the behav io r  o f  MbC^ 
with the r e s u l t s  o f  Tor re s  et a l .  
(1988) could be due to d i f f e r e n c e s  
between an in tac t  meat system and an 
i s o l a t e d  system o f  meat o r g a n e l l e s .  
The r e s u l t s  o f  the p resent  study  
suggest  that  s a l t  joer se does,  
promote ox idat ion  o f  MbC^ at low 
pH. However, in p r e - r i g o r  minced 
meat as studied  by Torres  et a l .  
(1988) the b e n e f i c i a l  r o l e  o f  s a l t  
in mainta in ing the d e s i r e d  c o l o r  may 
p o s s i b l y  be r e l a t e d  to i t s  a b i l i t y  
in suppress ing  the growth o f  ae rob ic

9 6 7



p s y c h ro p h i l ic  b a c t e r i a  (Robach & 
Cost i low ,  1961), mainly f lu o r e s c e n t  
pseudomonads ( S i l l i k e r  et  a l - , 1958; 
Lin,  1973), which cause d ep le t ion  o f  
oxygen and lead  to c o lo r  
d e t e r i o r a t i o n  (K r a f t  & Ayres ,  1952; 
B u t le r  et  a l - , 1953).

The present  study in d ica ted  that  the 
sarcop lasmic  e x t r a c t  from p o s t - r i g o r  
meat conta ined more Mb02 and l e s s  
MetMb than that  from p r e - r i g o r  
meat. The low pH o f  the 
sarcop lasmic  e x t r a c t  from the p o s t 
r i g o r  samples seems to account f o r  
t h i s  d i f f e r e n c e  s ince  the 
sarcop lasmic  e x t r a c t  from p o s t - r i g o r  
meat ad justed  to pH 7.4 had a lower  
percentage o f  Mb02 than the 
sarcop lasmic  e x t r a c t  maintained at  
pH 5 .4 .  The presence o f  s u b c e l l u l a r  
o r g a n e l l e s  (mitochondr ia  and 
microsomes) in the sarcoplasmic  
e x t r a c t  at high pH s i g n i f i c a n t l y  
in f luenced  the p roport ion  o f  Mb02 
and MetMb but at a low pH t h e i r  
presence had l i t t l e  a f f e c t .  
P o s s i b l y  the mitochondria l  and 
microsomal enzymes that  e f f e c t  
myoglobin d e r i v a t i v e s  become ac t ive  
at high pH, but at low pH t h e i r  
a c t i v i t y  i s  i n h i b i t e d .  With 
in c re a s in g  s a l t  concentrat ions  at  
low pH the l e ve l  o f  MetMb in the 
sarcop lasmic  e x t r a c t  increased  and 
that  o f  Mb02 decreased  
p ro p o r t i o n a te l y .  This  may p a r t l y  be 
due to the c a t a l y t i c  act ion  o f  
c h lo r i d e  ion in promoting ox idat ion  
o f  MbOp to MetMb, and p a r t l y  due to  
i n h i b i t i n g  the MetMb-reducing  
a c t i v i t y  o f  the sarcoplasmic  
e x t r a c t .  In g e n e r a l ,  the percentage  
o f  MbOo in the sarcop lasmic  ex t rac t  
was h i g h ly  dependent on the 
in t e r a c t i o n  o f  pH, s a l t  
concentra t ion  and s u b c e l l u l a r  
o r g a n e l l e s  o f  the muscle.

CONCLUSIONS
Resu lts  in d ica ted  that  the 
sa rcop lasmic  e x t r a c t  (SPE) from both 
pre -  and p o s t - r i g o r  meat ad justed  to 
pH 5.4 conta ined more Mb02 than that

maintained at pH 7 .4 .  The pneS 
and absence o f  mitochondria  
microsomes in the SPE at pH 5 .4 
l i t t l e  e f f e c t  on percentage 
Mb02 . At pH 7 .4 ,  however, 

MbOo decreased 1,1

eflc
an
m
of

th«
the
The
$fie
sa

proport ion  o f
SPE conta in ing  microsomes.  
amount o f  Mb02 decreased and 
increased  with increas ing  
concentrat ion  and with len9tn re- 
s to rage  in the SPE from both V .5 
and p o s t - r i g o r  meat. ^  of 
suggested that  d e p r e s s i o n ^ ^  
m icrob ia l  growth may be a 
by which s a l t  s t a b i l i z e s  the 
in p r e - r i g o r  meat r a th e r  thaj ^ ar 
enzymic e f f e c t s  o f  subce1 
o r g a n e l l e s .
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Tab le  1. Mean va lues  showing e f f e c t s  o f  r i g o r ,  pH, s u b c e l l u l a r  organel 
and s a l t  concentrat ion  on percent  o f  myoglobin derivatives i n 
the sarcoplasmic  ex t ra c t  from b e e f  muscle.

Mean Percent o f  Mvoqlobin Forms
V a r i a b l e s Mb02 MetMb Mb

Rigor  s t a t e  (N=120)
P r e - r i g o r 62.6 26.0 11.4
P o s t - r i g o r 64.0 28.1 7.9

S.E. 0.54 0.36 0 . 2 0

pH va lues  ( N=120)
pH 5.4 65.0 27 .1a 7.9
pH 7.4 60.6 27 .0a 12.4

S.E. 0.54 0.36 0 . 2 0

S u b c e l l u l a r  o r g a n e l l e s  (N=80)
Mito.  + Micro,  present 58.3 30.1 1 1 . 6
Only micro,  present 63.0 28.4 8 . 6a
Both absent 6 8 . 6 22.7 8 . 7a

S.E. 0.67 0.44 0.25

S a l t  concentra t ions  (N=60)
0 .0% 71.1 21.9 7.0
0 .5% 63.4 26.1 10.5
2 .0% 59.3 28.8 11.9
4.0% 57.6 31.4 1 1 . 0

S.E. 0.77 0.50 0.29

Storage  per iods  (N=48)
0 hours 6 6 . 4a 23.3, 10.3?

24 hours 6 5 .7a 27. 0? 1 0 . 3b
48 hours 62.8? 2 6 .0b 8 . 0
72 hours 6 2 .4b 28.3 9.3,
95 hours 59.5 30.6 1 0 . 2d

S.E. 0 . 8 6 0.56 0.32

Mean va lues  with the same l e t t e r s  w ith in  a column are not 
s i g n i f i c a n t l y  d i f f e r e n t  ( P>0.05) from each o ther .




