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INTRODUCTION

0

M aintenance of a b r ig h t  re d  co lo u r on th e  su rfa ce  of f r e s h  meat i s  
of i n t e r e s t  to  both the  meat in d u s try  and th e  consumer. Vi hen exposed to  
a i r ,  m yoglobin, th e  major oxygen b in d in g  pigm ent in  p o s t mortem m uscle, 
can e i th e r  be oxygenated to  the  b r ig h t  cherry  red  oxymyoglobin or 
o x id ise d  to  the brown pigment metmyoglobin (Met K b). The r e la t iv e  
p ro p o rtio n s  of th e se  pigm ents w i l l  la rg e ly  depend upon th e  oxygen te n s io n  
w ith in  th e  t i s s u e  f lu i d  su rround ing  th e  m yoglobin ( l )  (2) which may vary 
accord ing  to  th e  oxygen demand of th e  meat i t s e l f  when exposed to  a i r .  
In c re a s in g  su rfa ce  b acb e rx o lcg x ca l con tam ination  our-ng  prolonged 
s to ra g e  may a lso  have an in f lu e n c e  on the s ta t e  o f  th e  pigm ents (j 
A d d itio n a lly , red u c in g  the  oxygen te n s io n  in  th e  meat prom otes th e  
a u to x id a tio n  o f th e  pigm ent g iv in g  r i s e  to  the  marked brown d is c o lo u ra t io n  
which i s  v i s ib le  a t  th e  su rfa c e  and i s  a s s o c ia te d  w ith  poor meat q u a l i ty .

I t  has been observed  in  t h i s  la b o ra to ry  t h a t  the  oxymyoglobin of 
d i f f e r e n t  m eats dem onstrate  var ing  degrees o f s t a b i l i t y  during  s to ra g e . 
There have been numerous re p o r ts  xn the l i t e r a t u r e  (u -9) on Lie s c a o x lx tj 
of m yoglobin pigm ents a t  the  su rfa c e  o f f r e s h  meat b u t ve ry  l im ite d  in f o r ­
m ation i s  a v a i la b le  on th e  mechanisms wnicn c o n tro l  pigment s •.abxa- i  \ J-C) 
( l l )  and none which f u l l y  e x p la in  th e se  observed v a r ia t io n s  between 
d i f f e r e n t  meat t i s s u e s .  Lamb muscle has a r e l a t i v e l y  s h o r t  d is p la y _ 
l i f e  due to  the ra p id  a u to x id a tic n  which occurs on the  su rfa c e  and i t  has 
been shewn re c e n t ly  (12) th a t  t h i s  meat p o sse sse s  an e x tra o rd in a ry  h igh  
Oxygen up take e a r ly  p o s t mortem (5 h o u rs ) .  _ I t  was a ls o  observed th a t  th e  
subsequent d e c lin e  in  b iochem ica l oxygen demand (B .O .D .) durum: m a tu ra tio n  
appeared to  be r e la te d  to  a co rrespond ing  d ecrease  in  I«.A.D. c o n c e n tra tio n  
in  the  m eat. O ther w orkers have dem onstrated  an in c re a se d  oxygen 
u t i l i s a t i o n  in  moat t i s s u s  "bjr tli© a d d it io n  oi on J . < # - r i v
b u t l i t t l e  evidence i s  a v a i la b le  l in k in g  th e  endogenous II.A.D. consen t

th e  meat w ith  the  r e s p i r a to r y  r a t e  p o s t  mortem.

In  an a ttem p t to  e lu c id a te  th e  c o n tro l l in g  fa c to r s :ri.ch c o n tr ib u te  to
the re d u c tio n  in  oxymyoglobin s t a b i l i t y ,  and th e re fo re  to  meat c.o sco_ouratxon , 
i t  was th o u g h t n e r t in e n t  to measure and compare the  3 .0 .1 ). and the  
c o n ten ts  o f^ th re e  d i f f e r e n t  m eats which show c o n tra s tin g  pigm ent s t a b i l i t y  
during  t h e i r  r e t a i l  d isp la y  l i f e .

Furtherm ore a system e x i s t s  in  r.ea t which i s  capab le  o f red u c in g  th e
~  '  7 ^  r~  i  _______1________  _____ ----------------------- , 1  -L'h is  system , red to  asmetrryoglobin formed from oxymyoglobin ( l5 ) ( l5 /~  -----  .

the  metmyoglobin red u c in g  a c t i v i t y  (M.R.A.) i s  no rm ally  a c t iv e  to  a g re a te r  
or l e s s e r  d e c re e , when meat i s  h e ld  under an ae ro b ic  c o n d it io n s . oviever, xn ̂f ...  ̂ -—   
in s ta n c e s  where the  oxygen te n s io n  v.'xthin th e  ex_ os go. s u n  aces becomes l^w , 
th e  M.R.A. may p o s s ib ly  fu n c tio n  in  the co n v ersio n  of o x id ise d  p igm ent. I t  
Was decided  th e re fo re ,  to  in c lu d e  th e  measurement or r .k .A . in  t h i s  s o n e s  
of experim ents to  g a in  a d d i t io n a l  in fo rm atio n  on i t s  r o le ,  i f  any, in  th e  co lour 
s t a b i l i t y  o f f r e s h  meat d u rin g  s to rag e  under c o n tro l le d  a e ro b ic  c o n d itio n s .

METHODS

¿¿Uscies and Sam cline Procedures

f
A pproxim ately 2C0 g samples o f lam b, b eef and pork muscle were excises

f  each o f e i r h t  c a r c a s s e s 'a t  1 hour p o s tben th e  l e f t  M. Semimembranosus o
SmallMortem, and s to re d  a t  C-i

Of  m u . ? , . T 5  r> t> v

u/ e
.Ti.

unples were removed, from tn e se  p o r tio n s
muscle fo r  B .C .B ., N.a . u . ,  

l° u rs  p o s t mortem.
and y.R .A . e s tim a tio n s  a t  5 ,2L ,L S ,,72 and IMt-
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B.O.D. Measurement

A pproxim ately  lg  of minced muscle was a c c u ra te ly  weighed, in cu b ated  in  
? ml  °* ls o to n ic  Hlng e r 's  s o lu t io n ,  the whole a d ju s te d  to  pH 5 .8  and e o u i l i -  
b ra te d  in  a Warburg f la s k  a t  15°C, The oxygen up tak e  was*measured manomet- 
r ic a x ly  a t  10 m inute in te r v a l s  fo r  the  i n i t i a l  sam ples and a t  20 m inute 
in te r v a l s  in  th e  rem aining samples over a 2 hour in c u b a tio n  p e rio d  (16) The 
oxygen u p tak e , exp ressed  as u l /g  wet t i s s u e /  2 hours in c u b a tio n , was used 
as  a measure o f the  oxygen demand.

N.A.D. Content

Frozen sam ples, ex cised  a t  5,24,N 8 and 72 h ou rs were e x tra c te d  in  
p e rc h lo r ic  ac id  and n e u t r a l i s e d  by th e  method d esc rib ed  p re v io u s ly  ( 1 7 .)
N.A.D. c o n te n t was e s tim ated  by th e  method o f K lingenberg  u sing  a lc o h o l 
dehydrogenase (1 8 ) . R e su lts  a re  ex p ressed  as  u moles N.A.D /  g wet t i s s u e .

M.R.A. Values

Three samples were s e le c te d  a t  random from the  e ig h t p o r tio n s  o f muscle 
fo r  each type o f  m eat. M.R.A. v a lu es  were determ ined  using  a m odified  p ro ­
cedure based  on the  method of W atts e t a l ,  ( l o ) .

To co n v e rt the  read in g  fo r  t o t a l  r e f le c ta n c e  to  a  K/S r a t i o  th e  ta b le s  
p u b lish ed  by Judd (19) were c o n su lte d . V alues quoted were :

100 / Metmyoglobin g iv es  a K/S ¿72 nm o f  0 .88
525 nm

100;1 N itrosom yoglobin  g iv es  a K/S ¿5 2  nm of I .37
525 nm

In  p r a c t ic e  th e se  r a t i o s  were found to  vary f o r  lamb, b eef and pork 
m uscles and Table I  shows th e  observed  r a t i o s  and th e  d if fe re n c e  in  the K/S 
v a lue  from o x id ise d  to  reduced form s o f the  p igm ents.

TABLE I

/ o r  lam b, Beef aud Pork N. Semimembranosus

K/S R atio  fo r  
1 0 0 / Met Mb

K/S R a tio  fo r  
10 0 / NO. Mb

Change in  
R atio

P0PK 0.85 1 .34 0 .49
LA’S 0.85 1 .5 4 0 .69
BEEF 0.85 1 .74 0 .89

Metmyoglobin re d u c tio n  was c a lc u la te d  u sing  the  d a ta  above and th e  
a c t i v i t y  has been expressed  as the  p e rcen tag e  conversion  pe^ hour as an 
average  of th re e  sam ples.

RESULTS

av erag ed  v a lu es  fo r  B.O.D. and N.A.D. c o n ten t fo r  the  th re e  types o f 
m uscle a re  p re se n te d  in  T ab les  I I  and I I I  to g e th e r  w ith  t h e i r  s tan d a rd  d e v ia tio n : 
LA’S  MUSCLE

1110 i n i t i a l  B.O.D. value was s u b s ta n t ia l ly  low er in  t h i s  exoerim ent than  
th a t  observed p re v io u s ly  w ith  lamb m uscle, 150  u l /g /2  hours compared w ith  260 
u J /g /2  h o u rs . Subsequent le v e l s  however, were in  c lo se  agreem ent w ith  the 
p lu v io u s  f in d in g s ,  the  B.O.D. f a l l i n g  s te a d i ly  to  a p la te a u  v a lu e  ( a f t e r  48 
hours p o s t mortem) o f ap p rox im ate ly  80 u l /g /2  hou rs .*

N.A.D. c o n c e n tra tio n s  were g e n e ra l ly  low er th an  observed  p re v io u s ly  
dropping  from an average i n i t i a l  c o n te n t o f 0.66 u /m cles a t  5 hours p o s t 
mortem to  h a l f  t h i s  value a t  72 hours p o s t mortem.



TABLE I I

B.O.D. V alues f o r  Lamb, B eef and Pork M. Semimembranosus between 5 and 344 
hours P ost Mortem ._______ „

TIKE POST L A M B B E E F P O R K

MORTEM
(HOURS)

Average 
u l /2  Hours

S.D.
(*)

Average 
u l /2  Hours

S.D.
(1)

Average 
u l /2  Hours

S.D
(¿)

5 150 37 171 32 108 21
------ -— — — ——

2L 136 18 85 22 55 19

LS 74 11 51 11  ̂ ---- -— 9

72 85 15 45 13 39 J .2__

12)4 76 25 10 ... 38 18

TABLE I I I

N.A.D. C ontents fo r  Lamb, Beef and Pork *i.Semimembranosus between 5 and 
72 hours P o s t Mortem__________ __________ __

TIME POST ~ ' .....
L A M B B E E F P O R K

M0PTEM
(hours)

Average 
u m o les/g

S.D.
( i )

Average 
u m o le s /g

S.D.
r-)

Average 
u m o les /g

S.D.
C-)

5 0 .66 0 .12 0 .60 0.09 0.75 C.24

24 0 .51 0 .11 0.49 0 . 0s 0 .45 0 .19

L8 Oo38 0.06 0.33 0 .1 1 0 .43 0 _ ] R

12 0.33 0.03: 0.26 0.05 0 .39 0 .14

The c o r r e la t io n  c o e f f i c i e n t  c a lc u la te d  between the  N.A.D. c o n ten t and 
th e  B.O.D. was 0 .577 in d ic a t in g  a very h ig h ly  s ig n i f i c a n t  (?<  0 .001) 
c o r r e la t io n .

M.R.A. v a lu e s  showed an unexpected p a t te rn  (F it-ure i )  in  th a t  th e   ̂
co n v ersio n  r a t e  was on ly  Lyfi/h o u r  i n t i a l l y  b u t ro se  subsequently^ .0 8lh/h o u r  
by 21+ hours post mortem. T h e re a f te r  the  M.P..A. value f e l l  s te a d i ly  to  reacn  
a co n version  r a te  o f l.2 $  /  hour a t  12 h o u rs , th i s  r a t e  be ing  m ain ta ined  u n t i l  
the  s ix th  day p o s t mortem.
B eef Muscle

The average B.O.D. value fo r  b e e f  muscle f e l l  s te e p ly  from 1?0 u l /g /2  
hours i n i t i a l l y  to  51 u l /g /2  hours w ith in  18 h o u rs . Oxygen uptake decreased  
only  s l i g h t l y  th e r e a f t e r  r e s u l t in g  in  an u lt im a te  value  of 25 u l /g /2  h o u rs .

The observed d ecrease  in  N.A.D. co n ten t between 5 and 18 hours p ost^  
mortem was alm ost l in e a r  f a l l i n g  from 0 .60  u m oles/g  to  0*33 u m o le /g . The 
r a t e  o f f a l l  th en  m arkedly decreased  r e s u l t in g  in  a va lue  o f 0.26  u m oles/g  
by 72 hours p o s t mortem.

The c o r r e la t io n  c o e f f ic ie n t  c a lc u la te d  be"w-en B.O.D. v a lues and N.A.D. 
co n ten t was 0.888 ag ain  dem o n stra tin g  a very  h igh  degree e f  s ig n i f i c  ance 
between th e se  two p a ra m e te rs . (P ^O .O O l).

Averaged v a lu es  fo r  the  M.B/A. (F ig u re  l )  were observed to  f a l l  a lm ost 
l in e a r ly  from an i n i t i a l  co nversion  r a t e  of 1 1 0 / /  hour to  22$: /  hour a t  1- 
hours p o s t mortem. The r a te  o f conversion  then  s t a b i l i s e d  and con tinued  a t  
a p la te a u  le v e l  to g ive  194 co n v ers io n /h o u r in  the  f i n a l  sam ple.

6 8 7
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Pork Muscle

There was a s w if t  d e c lin e  in  B.O.D. from an i n i t i a l  value of 108 u l /g /2  
hours to  th e  r e l a t i v e l y  low value o f 34 u l /g /2  hours by 48 hours p o s t mortem. 
Oxygen uptake v a lu es  were m ain ta ined  a t  t h i s  le v e l  during  the  subsequent 9& 
h ours s to ra g e .

A high  N.A.D. c o n c e n tra tio n  was observed i n i t i a l l y  (0 .75  u m oles/g ) b u t 
was fo llow ed  by a marked f a l l  w ith in  the  subsequent 19 hours to
0 .4 5  u m o les/g . which corresponded w ith the  co n cen tra tio n s  observed in  th e  
lamb and b e e f m uscles a t  t h i s  tim e . Between 24 and 72 hours p o s t mcrtem the
N.A.D. c o n ten t f e l l  more s lo w ly , reach ing  a f i n a l  value o f 0 .39  u m ole/g . I t  
may be no ted  th a t  the  s tan d a rd  d e v ia tio n s  fo r  cork  muscle were very  much 
h ig h e r  fo r  each o ccasio n  o f a n a ly s is  than  fo r  b e e f or lamb m uscle.

C a lc u la tio n  o f th e  c o r r e la t io n  c o e f f ic ie n t  between B.O.D. and N.A.D. 
c o n te n t gave a value o f  0 .471 (p = 0 .0 l)  in d ic a t in g  a l e s s  s ig n i f i c a n t  c o r r e la t io n  
betw een th ese  two p aram eters  in  pork muscle than  th a t  observed in  b e e f  and lamb 
m uscle.

From th e  M.R.A, v a lu es  p re sen ted  in  F ig u re  I  i t  can be seen th a t  the 
i n i t i a l  co n version  r a t e  of 6 8 //h o u r was r a p id ly  reduced to  a q u a r te r  o f t ' i s  
v a lu e  w ith in  the  subsequent 19 h o u rs , and th e r e a f te r  rem ained c o n s ta n t up to  
72 hours p o s t mortem.

DISCUSSION

The p a t te r n  o f B.O.D. f a l l  was d i f f e r e n t  in  a l l  th re e  ty p es  of m eat.
Pork muscle f e l l  from a low i n i t i a l  v a lu e  to  a p la te a u  le v e l  o f  around 40 u l /  
g /2  hours w ith in  24 hours p o s t mortem w hile  b e e f  m uscle, a lthough  h ig h e r 
i n i t i a l l y ,  d e c lin e d  s te a d i ly ,  the  u ltim a te  v a lue  amounting to  l e s s  th en  30 
u l /g /2  h o u rs . Lamb muscle on th e  o th e r  hand, a f t e r  f a l l i n g  s te a d i ly  w ith in  
th e  i n i t i a l  48 h o u rs , m ain ta ined  a much h igher p la te a u  le v e l  o f  80 u l /g /2  
h o u rs , co rrespond ing  to  tw ice the  u lt im a te  v a lue  of pork m uscle, and 
t r e b le  t h a t  observed fo r  b e e f muscle a f t e r  s ix  d a y s’ s to ra g e . The i n i t i a l  
B.O.D. value o f  lamb muscle a t  5 hours p o s t mortem was low when compared 
w ith  the  p rev ious o b se rv a tio n s  (12) p o s s ib ly  due to the ad justm en t o f th e  
Warburg f la s k  c o n te n ts  to  pH 5*3 on t h i s  o c ca s io n . However, u ltim a te  v a lu e s , 
subsequent to  48 h o u rs , were in  good agreem ent w ith  th e  p re v io u s  f in d in g s .

Both b e e f  and lamb m uscles showed a d e c lin e  in  N.A.D. co n ten t w ith  time 
p o s t mortem which was very  h ig h ly  c o r r e la te d  w ith  the  f a l l  in  B .O .D ., c o n f i r ­
ming e a r l i e r  o b se rv a tio n s  w ith  lamb muscle (1 2 ) . F urtherm ore , the 
c o n c e n tra tio n s  o f  N.A.D. in  the b ee f and lamb m uscles were very s im ila r  
du ring  the  p e rio d  in v e s t ig a te d .  In  c o n tr a s t  N.A.D. v a lu es  fo r  th e  pork 
m u sc les , a lthough  g e n e ra lly  h ig h e r in  c o n c e n tra tio n , produced a p o o re r 
c o r r e la t io n  w ith  the  co rresp o n d in g  B.O.D. In  th e  pork m uscles the  in c re a s e  
in  B.O.D. fo r  a given in c re a s e  in  N.A.D. c o n te n t was f a r  l e s s  th an  th a t  
observed  fo r  the  b e e f  and lamb m uscles.

I t  i s  w orthw hile a t  t h i s  ju n c tu re  to  c o n s id e r  th e  m a tu ra tio n  p e rio d  
given to  the  th re e  meats p r io r  to  t h e i r  r e t a i l  s a le .

Pork and lamb c a rc a sse s  a re  g e n e ra lly  b u tch e red  within 3 -4  days of 
s la u g h te r  w hereas b e e f  i s  given a much lo n g er p e rio d  fo r  m a tu ra tio n  o f a t  
l e a s t  8 days. Thus, r e le v a n t  B.O.D. and N.A.D. v a lu es  fo r  l in k in g  th e se  
Param eters to  c o lo u r  s t a b i l i t y  during  r e t a i l  s a le  should be r e l a t e d  to  
the  age of the  meat a t  tim e o f r e t a i l  s a le .  During c o n tro l le d  r e t a i l  
d is p la y ,  the  m aintenance o f the  b r ig h t  oxygenated form of myoglobin fo r  
th e se  th re e  m eats, b e fo re  metmyoglobin fo rm ation  becomes e x c e ss iv e , i s  
in  the  o rd e r lamb ( l  day), pork (2 days) and b e e f (4 days,-. Comparing 
the  co rresp o n d in g  B.O.D. v a lu es  a t  the  time of r e t a i l  sa le  (e x tra p o la te d  
value  fo r  b e e f  a t  192 hours was 10 u l /g /2  ho u rs) w ith  th e se  com m ercially 
ohserved  co lo u r s t a b i l i t y  p e rio d s , n lo o se  r e la t io n s h ip  does appear to 
e* i s t  between r e t a i l  d isp la y  l i f e  and the  co rrespond ing  B.O.D. value 
re p re se n te d  by th e  fo rm u la :-

R e ta i l  d isp la y  l i f e  (Days) = K log^o

6 8 S

B.O.D. v a lu e .



and i s  shown c le a r ly  m  g ra p h ic a l form in  F igu re  I I .  I t  would aooear 
th e re fo re ,  th a t  le n g th  o f s to rag e  o f th e  n e a t c a r c a s s ,  o rio n  to  d e t a i l  
c i s t r i b u t io n ,  could have a  major in f lu e n c e  on the  d is p la y  l i f e  o f  the  
r e t a i l  commodity. J

. „ ^  p a t,t e r n o f _chsnSe in  M.R.A. v a lu es  p o s t mortem d if f e r e d  fo r  l*nb
b e .  and porK b u t m irro red  the  co rrespond ing  d e c lin e s  in  B.C.D. w ith  ’ 
s to rag e  tim e. Reasons f o r  the  very  low i n i t i a l  v a lue  observed fo r  lamb 
muscle a re , as  y e t ,  un ex p la in ed  and re q u ire  c o n firm a tio n , ■ u ltfrs te
value fo r  pork  ru so le  „ a s  r a p id ly  a t ta in e d  w ith in  2X hours w h e r e a s ^  
b .e f  ana lamb m uscles a c o n s ta n t v a lu e  was only reached  a f t e r  a f u r th e r  '8  
hours s to ra g e . In  a d d it io n  th e  b e e f and pork m uscles were observed to  
have r e l a t i v e ly  lower u l t im a te  v a lu es  than  the lamb m uscles i . e .  2 0 / - e r  
hour and 40^ p e r  hour r e s p e c i t iv e ly .  I t  would have been more in  l i n e ' 
w i t i  the  observed r e l a t i v e l y  sh o rt d is p la y  l i f e  o f  lamb i f  th e  M.R.A. had 
x a lle n  -w if t ly  „o & very low le v e l ,  s in c e  t h i s  would have been more r e la te d  

° e ra p id  fo rm ation  o f metmyoglobin observed du rin g  r e t a i l  d is p la y  Ir 
c o n tr a s t  i t  appears th a t  lamb muscle has a more a c t iv e  system  fo r  the  
re g e n e ra tio n  o f myoglobin than e i th e r  b e e f o r pork m uscle, and th e r fo r e
low er83 M R J y ? °^he®?S th a t  r a -Did metmyoglobin fo rm atio n  i s  a fu n c tio n  o f  

eL ,  :  ‘p F u rtherm ore , i t  i s  c le a r  th a t  the system s which c o n tro l
ohe a c t i v i t y  ox metmyoglobin re d u c tio n  a re  no t d i r e c t l y  r e la te d  to the 
p ro p o rtio n s  o f  the o x id ise d  and oxygenated pigm ents a t  th e  su rfa c e  o f 
i r e s n  meat wnen su o jec te d  to  ae ro b ic  c o n d itio n s  which su p p o rts  t*e
nork rT ^ T % 0 f 0 t? e r  ! ° r k e r s  in  t h i s  f i e l d  (10) (1 1 ) . T h e re fo re , a lthough  
p o .x  and b eef muscle a t t a i n  a low er M.R.A. d u ring  m a tu ra tio n  they  a lso
p o ssess  a low B.O.D. which appears  to  p lay  a more d e c is iv e  ro le  in  

e la t in g  d is c o lo u ra t io n .  Improvement in  the co lou r s t a b i l i t y  o f the  
su rfa ce  pigm ents in  lamb muscle would seem to  r e s t  on low ering  the * 0 n 
a s  r a p id ly  as p o s s ib le  P o s t b o r te b . T h is bay be p o s s i b l e t o  t o ^ t y e V '  
ho ld ing  the  c a rca ss  a t  an e le v a te d  tem pera tu re  d u rin g  th e  o n se t o f  r i^ o r  

nere  o in a c t iv a t in g ^ o r  ex h au stin g  th e  enzymes a n d /o r m e ta b o lite s  
norm ally  a s s o c ia te d  w ith  th e  r e s p i r a to r y  pathway. This i s  endorsed by 
measurements Ox the Is.A.D. c o n c e n tra tio n s  in  m uscles coo led  a t  d i f f e r e n t  
r a te s  p o s t mortem where i t  was observed  th a t  th e  N.A.D. c o n te n t was 
m arkedly reduced by slow r a te s  o f c o o lin g , (2 0 ).

1)

2)
3)

4)

5)

6)

7)

8)

9)
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