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In tro d u c tio n .

d is c o lo u ra t io n  o f prepackaged f r e s h  b eef l im i t s  i t s  s to ra g e  l i f e  
id r e s t r i c t s  .ne development of c e n t r a l i s e d  c u t t in g  and prepackaging  
o p e ra tio n s . Tne meat pigm ent myoglobin can e x is t  in  reduced, oxygenated
colnnT’111*6^ 10rm f ld nhe amoxmt o f each P o s e n t  i s  c lo s e ly  r e l a t e d  to  the  
co lo u r o. th e  m eat. D isc o lo u ra tio n  i s  due p r im a r i ly  to  th e  fo rm atio n  of
tn e  o x id is e a  pigm ent metmyoglobin a t  the  su rfa c e  which im parts  a brown 
co lo u r to  th e  meat and makes i t  unaccep tab le  to  the  consumer.

R e f le c ta n c e  sp ec tropho tom etry  has been used to  measure th e  r e l a t i v e  
amounts 01 myoglobin d e r iv a t iv e s  a t  th e  su rfa c e  o f c u t meat (Snyder '65 ,
S o e^art e t  a l  65 ) . Because the  tech n iq u e  i s  n o n -d e s tru c tiv e  i t  can be 
used  to  fo llo w  co lo u r changes which occur in  i n t a c t  beef sam ples and i t  i s  
em inen tly  s u i v i e  f o r  s tu d y in g  th e  c o n d itio n s  which cause th e se  changes, 
ne measurement of d is c o lo u ra t io n  in  prepackaged f r e s h  beef in v o lv es  
in a in g  the  amount o f metmyoglobin p re se n t r e l a t i v e  to  the  o th e r  two 

pigm ent d e r iv a t iv e s .
+h , Th8re 13 S®n e r a l lY c o n s id e ra b le  v a r ia t io n  in  th e  degree o f  d is c o lo u ra t io n
a S  must ï e  tn e J su; fa c e  o f c u t ra9at- Sampling i s  th e re fo re  very  im p o rtan t 

nd must be adequate  .o ensure th a t  any r e s u l t s  a re  based on measurements 
which a re  r e p re s e n ta t iv e  o f th e  whole su rfa c e . Another sam pling d i f f i c u l t y  

o a s s o c ia te !  w ith  th e  sm all a re a  of su rfa ce  a c tu a l ly  sampled by th e  beam 
¿ t h e  sp ec tro p h o to m ete r. The in s tru m en t used  in  the  p re se n t work was a 

Unicam spec tro p h o to m ete r f i t t e d  w ith  an SP890 d if f u s e  re f le c ta n c e  acc e sso ry  
m  which th e ^ a re a  sampled i s  a c i r c l e  2.25  cm d iam eter.

S t a t i s t i c a l  d a ta  a re  re q u ire d  on th e  v a r i a b i l i t y  o f in d iv id u a l  d is c o lo u ra t io n  
apurem ents m  o rd e r to  p r e d ic t  the  number of r e p l i c a t e  d e te rm in a tio n s  which 

i H  g iv e  a y  s p e c i f ie d  le v e l  o f accu racy . The o b je c t iv e s  o f th e  p re s e n t work
t 0 J : S! abl:LSh Confidence l im i t s  f o r  r e f le c ta n c e  measui'ements and to  use  

th e  method to  compare d is c o lo u ra t io n  r a te s  o f s im i la r ly  t r e a te d  meat sam ples.
o .„ „ Qai’a a  3 0  Pr o v id e a  s t a t i s t i c a l  b a s is  f o r  com paring meat sam ples under 
a f f e r e n t  e x p e r im e n ta l t r e a tm e n ts .

The m etab o lic  a c t i v i t y  of la rg e  numbers o f  b a c te r ia  >  log  7 /g  causes 
r a p ia  re d u c tio n  in  the  p a r t i a l  p re s su re  o f oxygen which in  tu rn  a c c e le r a te s  

m e  r a t e  oi metmyoglobin fo rm ation  (H eiss & E ich n e r 'G^). When th e  o ^ r t i a l  
P re ssu re  o f oxygen f a l l s  below a value  o f 30 mm Hg th e  a u to x id a tio n  r a te  i s  

c c e le r a te d  (George & S tratm an ’ 52 ). The optimum oxygen p re s su re  f o r  th e  
l o c a t i o n  o f metmyoglobin i s  about 4 mm Hg (Brooks '3 5 ) .  'B a c te r ia  a ls o  a t ta c k  
•. o ^ lo o in  d i r e c t ly ,  cau sin g  d é n a tu ra tio n  and making i t  more s u s c e p tib le  to  
o x id a tio n . (Fox '6 8 ) .

In  o rd e r to  study the  c o n tr ib u tio n  o f i n t r i n s i c  b iochem ical f a c to r s
must r -  r a + \ 0Î> d is c o l° u^a tio n  in  Iîl8a t  th ® e f f e c t  o f b a c t e r i a l  con tam ination  
musÎi r s t . b f , f lim a n a ted . This can be accom plished by d in n in g  th e  com nlete 

o le  m  b o i l in g  w ater b e fo re  c u t t in g  and by working under a s e p t ic  c o n d itio n s .
repackag ing  consumer c u ts  from in d iv id u a l  m uscles em nhasises p o ss ib le  

, u s : S Ĉ  d if f e r e n c e s  in  meat q u a l i ty .  This s tudy  in v e s t ig a te s  i n t e r -  
f ^ s h  b e e ferenC6S aS a C ln f lu e n c in S s u s c e p t ib i l i t y  to  d is c o lo u ra t io n

of Â 0oher f a c to r  o f p r a c t i c a l  im portance in  d is c o lo u ra t io n  work i s  th e  age 
moaï e a t P °s t -m °rtem . Vacuum packaging perm its  r e f r i g e r a te d  s to ra g e  o f f r e s h  
In l l0 n S e r p e r io d s  than  i s  n o rm ally  p o s s ib le  w ith  c a rca se  m eat, 
g iVp„ t0  thS bene£’i c i a l  e f f e c t s  of ageing  on te n d e rn ess , vacuum s to rag e
i s 33 b e t t e r  stocic c o n tro l and g re a te r  f l e x i b i l i t y  in  m arketing . However i t  
as S ° rb a n t thab 0 th e r ^ a l i t y  a t t r i b u t e s  a re  n o t im paired . In  o a r t i c u la r  
b e m a s  p repackag ing  i s  concerned , i t  i s  im p o rtan t th a t  th e  meat should n o t 

-ore ia b le  to  d isc o lo u r  when i t  i s  f i n a l l y  exposed to  th e  atm osphere.
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Experim ental..
Beef was o b ta in e d  from young h e i f e r s ,  G o r 2 t e e th ,  which were lep t fo r  

a t  l e a s t  a week a f t e r  p u rch ase , w e ll fe d  and r e s te d  and f i n a l l y  s la u g h te re d  
in  th e  Meat R esearch  Departm ent a b b a to ir  under s ta n d a rd  c o n d itio n s . A ll 
m uscles had norm al u l t im a te  pH v a lu es  w ith in  th e  range 5 .4  -  5 .8 . Three 
to  f iv e  days post-m ortem  one h in d q u a r te r  from each ca rcase  was deboned and 
s ix  in d iv id u a l  muscles, M. lon g issim u s d o r s i ,  M. psoas m ajor, M. sem itend inosus 
M. semimembranosus, M. g lu te u s  medius and M. v a s tu s  l a t e r a l i s  d is s e c te d  o u t. 
Each muscle was d ipped  in  b o i l in g  w a ter and then  c u t in to  s te a k s  approx im ate ly  
1 .5  cm th ic k  w ith  a s t e r i l e  k n if e .  Ten samples were s e le c te d  a t  random from 
th e se  s te a k s  and p laced  in  p l a s t i c  c o n ta in e rs  4 .5  cm x 3 .5  cm x 1 .5  cm.
The s iz e  o f th e se  was chosen to  f i t  the  sample h o ld e r o f th e  SP890 d if fu s e  
re f le c ta n c e  u n i t .

The sam ples were h e ld  a t  0 C f o r  one hour and t^en  overwrapped w ith
PVC meat grade f i lm . A f te r  a f u r th e r  two hours a t  0 C th e  spectrum  oi* each
p ie c e  o f meat was reco rd ed  on th e  spec tro p h o to m ete r.

The sam ples were re tu rn e d  to  th e  r e f r i g e r a t o r  u n t i l Qthe  fo llo w in g  day
when th ey  were p la c e d  in  an in c u b a to r  f o r  7^ hours a t  25 C. R e flec tan ce
s p e c tra  were reco rd ed  ag ain  a f t e r  t h i s  tim e .

P rim al c u ts  c o n ta in in g  th e s e  s ix  m uscles were p rep a red  from th e  o th e r  
s id e  o f  th e  c a rc a s e . These were packed under vacuum in  Cryovac ba.gs and 
aged a t  0 C f o r  th re e  weeks. A f te r  t h i s  tim e m uscles were d is s e c te d  o u t, 
d ipped in  b o i l in g  w ater and th e  sam ples p rep a red  as b e fo re  f o r  r e f le c ta n c e  
a n a ly s is .
R e flec ta n ce  m easurem ent.

The sample th ic k n e ss  i s  such th a t  no l i g h t  i s  r e f le c te d  from th e  
background and under th e se  c o n d itio n s  r e f le c ta n c e  has been te rm ed  
" r e f l e c t i v i t y "  and has th e  s p e c ia l  symbol Rro # (Judd. & Wyszecki *63).
The r a t i o  o f the  a b so rp tio n  c o e f f ic ie n t  (K) to  th e  s c a t te r in g  c o e f f ic ie n t  
(S) i s  r e l a t e d  to  Rq-, a cco rd in g  to  th e  fo llo w in g  ex p re ss io n .

(1 -  Roo)* 2 (Kubelka & Munk '3 1 ) .
S - = ----------------

2 Rco
This fu n c tio n  i s  used to  r e l a t e  p e rc e n t r e f le c ta n c e  to  q u a n t i t ie s  of 

meat pigm ents and ta b le s  a re  a v a ila b le  (Judd & Wyszecki 1963) f o r  c o n v e rtin g  
p e rc en t r e f le c ta n c e  to  th e  K/g v a lu e .

The sp ec tro p h o to m ete r was a rran g ed  to  r e c o rd  in  absorbance u n i ts  and 
th e se  read in g s  were f i r s t  co n v erted  to  Rqq from s tan d a rd  ta b le s  r e l a t in g  
absorbance to  p e rc e n t tra n sm itta n c e . The K/g v a lue  co rrespond ing  to  each 
Rq) was then  re a d  from th e  a p p ro p r ia te  t a b le .

Magnesium carb o n a te  was used as a re fe re n c e  s tan d a rd , re p re s e n tin g  
100yi> r e f le c ta n c e .

A bsorbances at 572nm and 525nm were reco rd ed  f o r  each sam ple, converted 
to  K/„ v a lu es  and th e  K /0> r a t i o  c a lc u la te d  a t  th e se  two w aveleng ths.
525nm i s  an is o b e s t ic  p o in t f o r  a l l  th re e  pigm ent d e r iv a t iv e s  w h ile  572nm i s 
i s o b e s t ic  f o r  myoglobin and oxymyoglobin.

(K /^ c -^ p /K / ) i s  a t  a  maximum when th e  pigm ent i s  p re se n t as 
oxymyoglobin p lu s  recluced myoglobin and when metmyoglobin i s  a b se n t. With 
f u l l y  oxygenated f r e s h  meat s h o r t ly  a f t e r  c u t t in g  th e  pigm ent i s  p re s e n t  
as  th e  oxymyoglobin d e r iv a t iv e .  Subsequent d is c o lo u ra t io n , due to  th e  
fo rm atio n  o f th e  o x id ise d  metmyoglobin d e r iv a t iv e ,  r e s u l t s  in  a red u c tio n  
o f (K/ / ( K /- ) po1- which reach es  a  minimum v a lue  on t o t a l  co n v ersio n  of
the  pigment'' to  metmyoglobin (S tew art e t  a l  ’6 5 ).

In te rm e d ia te  r a t i o s  between th e se  two extrem es a re  assumed to  fo llo w  
a l i n e a r  r e l a t io n s h ip .  T h is assum ption j .̂;~vbeen proved v a l id  f o r  a model 
system  u s in g  su sp en sio n s  o f  n o n - f a t  d r ie a  powder c o n ta in in g  known amounts 
o f m yoglobin, bu t n o t f o r  i n t a c t  meat sam ples. (Snyder & Arm strong *67).

In  the  p re s e n t work th e  d if f e r e n c e  between the  i n i t i a l  (K /g)^-^  / ( k/ s  ̂525
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and  th e  v a lu e  a f t e r  7y h o u rs  a t  2 5 °C, which r e p r e s e n ts  th e  amount o f 
m etm yoglobin lo rm ed  under th e s e  c o n d i t io n s ,  i s  ta k e n  a s  th e  s u s c e p t i b i l i t y  
to  d is c o lo u r a t io n  o f  th e  p ie c e  o f  m eat.

R e s u l t s .
Ten r e p l i c a t e  d e te rm in a tio n s  were done on each m uscle and th e  mean 

( V s ^572 /^K//S^525 c a l c u la te d  f o r  each  sam ple . I n i t i a l  ( K / Q ) ^

d a ta  f o r  a l l  m u sc les  a f t e r  4 - 6  days and a f t e r  th r e e  weeks ag e in g  a re  g iven  
in  T ab le  1 .

T ab le  1 . dn:*-d:i.a -!- vadue.s ° f .  ( - ^ /g )5 7 2 /(^ /s )5 ? 5 ' A verage o f  IQ d e te rm in a tio n s  
p e r  m u sc le .

A geing
M uscle Time 1 2 4 5
M. lo n g iss im u s  d o rs i 4 -6  days 1 .437 1.417 I . 4 5 O 1.434 1 .405

3 weeks 1 .422 1.400 1.341 1 .402 1 .411
M. p so a s  m ajor 4 -6  days 1 .350 1.407 1 .4 2 9 1 .352

3 weeks 1 .409 1.405 1 .3 8 4 1 .341
M. s em it en d in 0 sus 4 -6  days 1 .4 0 4 1 .449 1 .405 1 .411 1.432

3 weeks 1.436 1.432 1 .378 1 .400 1.461
M. semimembranosus 4 -6  days 1 .378 1 .428 1 .403 1 .346 1 .372

3 weeks 1 .3 5 4 1.428 1 .376 1 .355 1 .3 9 8
M. g lu te u s  m edius 4 -6  days 1 . 3 6 8 1 .3 7 4 1 .321 1 .328 1 .319

3 weeks 1 .375 1 .357 1 .372 1 . 2 9 2 1 .3 3 8
M. v a s tu s  l a t e r a l i s 4 - 6  days 1.385 1 .389 1 .434 1 .346 1.377

3  weeks 1 .444 1.357 1.392 1 .351 1 .375

T a b le  2 . V alu es
— 5 7 2 / K/V  5 2 5

a f t e r  7 j  hou rs a t  25°C;. A.verage
1 0  d e te rm in a tio n s  p e r  m uscle .

M uscle
A geing
Time

M. lo n g is s im u s  d o r s i 4 - 6  days 
3  weeks

M. p so a s  m ajor 4 - 6  days 
3  weeks

M. se m ite n d in o su s 4 - 6  days 
3  weeks

M. semimembranosus 4 - 6  days 
3  weeks

M. g lu te u s  m edius 4 -6  days 
3  weeks

M. v a s tu s  l a t e r a l i s 4 - 6  days 
3  weeks

Animal

1 2 3 4 5

1 .447
1 .427

1 .243
1 .305

1 .179
1 .285

1 .375
1 .373

1 .347
1 .245

. 8 6 6

.916
1.037
1 .0 2 4

0 . 9 1 2
0 . 8 0 0

1.034
0 . 8 8 8

1 . 1 0 1

1 .285
1 . 2 2 0
1 . 2 3 2

1 .2 0 8
1 . 1 2 0

1.422
1.352

1 .315
1 .276

1 .316
1 . 2 8 0

1 . 2 0 6

1 .2 0 4
1 . 1 2 0

1 .1 4 9
1.247
1.167

1 .275
1 .235

1 . 1 9 0

1 .183
1 .163
1 .043

1 . 1 6 2
1 . 1 0 0

1 .198
1 .083

1 .1 5 4
1 . 1 4 2

1 .325
1 . 2 7 6

1 . 0 5 0
1 . 0 1 1

1 .352
1 .315

1 .235
1 .190

1 . 2 0 1

1 .235
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The pooled s ta n d a rd  d e v ia tio n  f o r  i n i t i a l  (K/ d a ta  111 Tal'l e  1#
i s  O.054 and in  g e n e ra l th e  muscle s ta n d a rd  d e v ia tio n  i s  o f t h i s  o rd e r . 
However, in d iv id u a l  m uscles o c c a s io n a lly  show much g re a te r  v a r i a b i l i t y .
15^0 o f muscle sam ples o f 10  r e p l i c a t e  d e te rm in a tio n s  have s ta n d a rd  d e v ia tio n s  
g r e a te r  than  0.050 and 2/  have s ta n d a rd  d e v ia tio n s  g r e a te r  than  0 .0 8 0 .
7^ hour (K /^)(--^^(K /g)^2^ d a ta  in  Table 2 a re  more v a r ia b le .  The pooled
s ta n d a rd  d e v ia tio n  in  t h i s  case  i s  0 .0 4 5 . Again o ccas io n a l m uscles show 
g r e a te r  v a r i a b i l i t y .  Here 15/,o o f  sam ples have s ta n d a rd  d e v ia t io n s  g re a te r  
than  0.060 and 2% g r e a te r  than  0 .0 9 0 . On th e  b a s is  of the  poo led  s tan d a rd  
d e v ia tio n  f o r  d a ta  of i n i t i a l  type, and 7 r̂ hour type, r e s p e c t iv e ly  the  
number of d e te rm in a tio n s  n e c e ssa ry  to  o b ta in  s p e c if ie d  a c c u ra c ie s  a t  95/  
con fidence  l i m i t s  a re  g iven  in  T able 3 .

Table 3. Sample' s iz e  (number o f d e te rm in a tio n s ) .

I n i t i a l  (k/ s ) 572/ ( k/ s ) 525 Th h o u r(K/ s ) 572/ ^ 4 ) 5 2 5 A ccuracy
95/1 con fidence
l im i t s .

o- = 0 .034  
44 

7 
5

cr = 0 .045 
78 
13 

9

+ 0 . 0 1  
;  0 . 0 2  

7  0 . 0 3

The number o f d e te rm in a tio n s  a c tu a l ly  reco rd ed  in  th e  p re se n t work i s  10.
The s ta n d a rd  e r r o r  o f th e  mean f o r  i n i t i a l  (K/g ) ^ 2 / ( K / g ) ^  d a ta  i s
S im ila r ly  f o r  7y hour (K% C,) d a ta  the  s ta n d a rd  e r r o r  o f th e
mean i s  0 .0 1 4 . C orresponding c o e f f ic ie n t s  o f v a r ia t io n  a re  2.1+% and 3 .8 /  
r e s p e c t iv e ly .  I t  shou ld  ag a in  be s t r e s s e d  th a t  s in g le  m uscles may show 
c o n s id e ra b ly  more v a lu a tio n  than  i s  in d ic a te d  by th e  mean s ta n d a rd  e r r o r .
A co rre sp o n d in g ly  l a r g e r  number o f d e te rm in a tio n s  would be re q u ire d  f o r  
th e se  samples to  o b ta in  th e  a c c u ra c ie s  shown in  Table 3.

The mean i n i t i a l  (K /^) 572/ ( ^ 4 ) 5 2 6  ^o r sdx in d iv id u a l  m uscles 
a re  given in  T ab le  4 .  D iffe re n c e s  between in d iv id u a l  m uscles a re  n u m e ric a lly  
sm all b u t an a n a ly s is  o f v a r ia n c e  o f th e  d a ta  ( r e p re s e n tin g  6 m uscles from 
5 anim als and a t  2 ageing  tim e s ) shows th a t  t h i s  in te rm u sc u la r  d if fe re n c e  
i s  s ig n i f i c a n t .

Table 4« (^4 ) 572/ ^ / 3)525  i n i t i a l  Muscle means.

M. lo n g , d o rs i 

1 .405

M. p so as . M. sem iten . M. semimem. M. g lu te u s  M. v a s tu s

1.387 1.4 2 2  1 .384 1 .350 1 .384

S tan d ard  e r r o r  o f  mean 0.006

The g r e a te s t  (K /s ) 572/ ^ 3)525  i s  
th e  l e a s t  f o r  M. g lu te u s  m edius. The 
app ro x im ate ly  0 . 07 .

o b ta in ed  f a r  M. sem iten d in 0sus and 
d if f e r e n c e  between them is

D isc o lo u ra tio n  d a ta  a re  p re s e n te d  in  T ab le  5 as th e  d if fe re n c e  between 
th e  i n i t i a l  (K/^j and th e  co rresp o n d in g  r a t i o  f o r  each muscle
a f t e r  7% hours a t  25“C. The d if fe re n c e  between i n i t i a l  and 7y hour r a t i o s  
re p re se n ts  th e  change in  pigm ent com position  th a t  has tak en  p la c e  in  th e  
m uscle, s p e c i f i c a l ly  the  accum ulation  o f metrnyoglobin r e l a t i v e  to  the  o th e r  
two d e r iv a t iv e s  th a t  has o ccu rred . The conversion  of th e  pigm ent to  th e  
metrnyoglobin d e r iv a t iv e  i s  a measure o f th e  s u s c e p t ib i l i t y  of a  muscle to  
d is c o lo u r  under the  exp erim en ta l c o n d itio n s .
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T ab le  5 > D is c o lo u ra t io n  3  25 C
K̂/V  572/<'K//S^525) 0 - K̂ h l 2 / ('K'/ SS> 525 vi-

M uscle A geing
Time 1 2 3 4 5

M. lo n g is s im u s  d o r s i 4 - 6  days - 0 . 0 1 0 0 ,1 7 4 0 .171 0 .059 0 . 0 5 8

3  weeks -0 .0 0 5 0 .0 9 5 0 . 0 5 6 0 .0 2 9 0 . 1 6 6

M. p so a s  m a jo r 4 - 6  days 
3  weeks

0 .4 6 4
0 .493

0 . 3 2 0
0 .3 8 1

0 .517
0 .5 8 4

0 .3 1 8
0 ,453

M. se m ite n d in o su s 4 -6  da3rs 0 .303 0 .2 2 9 0 .197 - 0 . 0 1 1 0 .117
3  weeks 0 .1 5 1 0 . 2 0 0 0 . 2 5 8 0 .0 4 8 0 .1 8 5

M. semimembranosus 4 - 6  days 0 . 0 6 2 0 . 2 2 2 0.283 0 .099 0 .097
3  weeks 0 .0 7 4 0 .2 2 4 0 .227 0 . 1 8 8 0 .163

M. g lu te u s  m edius 4 - 6  days 0 . 1 7 8 0 . 2 1 1 0 .159 0 . 1 3 0 0 .165
3  weeks 0 .192 0 .3 1 4 0.272 0 .209 0 .196

M. v a s tu s  l a t . 4 - 6  days O.OoO 0 .3 3 9 0 .082 0.111 0 . 1 7 6

3  weeks 0 . 1 6 8 0 .346 0 .077 0 . 1 6 1 0 . 1 4 0

W ith th e  e x c e p tio n  o f th r e e  m easurem ents ( t a b l e 5 ) th e  m uscle sam ples ;
d is c o lo u re d  a f t e r  7i? h o u rs  a t  2 5  C . and have a low er ( ¥ 3 ) 5 7 2 / ^ / 2 ) 5 2 5

r a t i o .  Samples o f  M. p so a s  m ajo r a re  g e n e r a l ly  v i s i b l y  brown a f t e r  t h i s  
t r e a tm e n t  w hereas i t  i s  som etim es d i f f i c u l t  to  see any change i n  M. 
lo n g is s im u s  d o r s i .

An a n a ly s i s  of v a r ia n c e  of th e  d is c o lo u r a t io n  d a ta  in  T ab le  5 
( r e p r e s e n t in g  6 m u sc les  from  5  an im a ls  and a t  2  ag e in g  tim e s )  show a  
s i g n i f i c a n t  d i f f e r e n c e  in  d i s c o lo u r a t io n  f o r  th e  m u sc le s . T ab le  6 sum m arises 
th e  r e s u l t s  o f  t h i s  a n a l y s i s .

T ab le  6 . M uscle mean d i s c o lo u r a t io n .

M. lo n g , d o r s i .  M. p so as  m a jo r . M. s e m ite n . M. semimem. M. g lu te u s  M .v a s tu s

.079 0.382 0 .168  0 .164  0 .203 0.166

S ta n d a rd  e r r o r  o f m uscle mean 0,015

The d i f f e r e n c e  i s  l a r g e s t  betw een M. lo n g is s im u s  d o r s i  which i s  g e n e r a l ly  
s ta b le  and th e  u n s ta b le  M. p so as  m a jo r. The o th e r  f o u r  m uscles  have 
in te r m e d ia te  v a lu e s  Detween th e s e  two e x tre m es .

In  g e n e ra l, f i g u r e s  f o r  3 week s to r a g e  a re  h ig h e r  th a n  4 -6  days s to r a g e  
( s e e  T ab le  5) w ith  th e  e x c e p tio n  o f  M. lo n g is s im u s  d o r s i  w hich shows th e  
o p p o s i te  e f f e c t .  T h is  i s  more c l e a r l y  shown in  T ab le  7 in  w hich m uscle 
mean d is c o lo u r a t io n s  a t  th e  two ag e in g  tim e s  a re  com pared.

*.a.
i.Hi.
St.
s*.
8»ia.
v.i

T ab le  7 . E f f e c t  o f s to ra g e tim e  on m uscle mean d i s c o lo u r a t io n .

Time D if fe re n c e Approx, s ig n i f i c a n c e
4 -6  days (a ) 3  weeks (b ) (b -  a) l e v e l .

. 0 9 0 , 0 6 8 - 0 . 0 2 2 0 .0 5
.348 .416 +0 . 0 6 8 0 . 0 1

.167 . 1 6 8 +0 . 0 0 1 N .S .

.153 .175 +0 . 0 2 2 0 .0 5

.169 .237 +0 . 0 6 8 • 0 . 0 1

.154 .178 +0.024 0 .0 5

An ap p ro x im ate  s ig n i f i c a n c e  t e s t  u s in g  th e  norm al d i s t r iD u t io n  shows 
t h a t  s u s c e p t i b i l i t y  to  d is c o lo u r a t io n  in c r e a s e s  w ith  ag e in g  tim e in  ih e ra s e s  
o f  M. p so a s  m a jo r, M. sem im em branosus, M. g lu te u s  m edius and M. v a s tu s  l a t e r a l i s .

681



M. sem iuendinosus shows no change, and M. long issim u s d o rs i  shows a 
reduced  s u s c e p t ib i l i t y  a t  th e  lo n g e r  ageing  tim e .

i’he m uscles i'rom one s id e  of th e  c a rca se  a f t e r  4-6  days ageing a re  
compared w ith  m uscles from  th e  o th e r  s id e  a f t e r  3 weeks ageing and th i s  
should  be co n sid e red  in  the  in te r p r e ta t io n  o f th e se  d a ta ."  However i t  i s  
u n l ik e ly  tn a t  any sy s te m a tic  e r r o r  i s  in tro d u ce d  as  a  r e s u l t  o f th i s  
d isc rep an cy  in  exp erim en ta l d esig n .
D isc u ss io n .

iLe accum ulation  of metmyoglobin does n o t occur un ifo rm ly  over th e  
su rfa c e  o f s te a k s  c u t from in d iv id u a l  m uscles. S urface a is c o lo u ra t io n  can 
th e re fo re  be q u ite  v a r ia b le  and a la rg e  number o f  r e p l i c a t e  d e te rm in a tio n s  
i s  n o rm ally  re q u ire d  to  h e  asu re  th e  degree o f  d is c o lo u ra t io n  a c c u ra te ly .
A sample s iz e  o f 10 o r more is n e ce ssa ry  to  p rov ide  a c o e f f ic ie n t  o f  
v a r ia t io n  b e t t e r  th an  1+%, p a r t i c u l a r ly  where d is c o lo u ra t io n  has a lre a d y  

axen p la c e . R e ile c ta n c e  d a ta  a re  more v a r ia b le  and th e  c o e f f ic ie n t  o f 
v a r ia t io n  g re a te r  a t  th e  l a t t e r  s tag e  fo r  th e  m a jo r ity  o f sam ples. This 
in c re a s e  i s  im p o rtan t where co lo u r changes a re  be ing  s tu d ie d  and th e  
numoer o f d e te rm in a tio n s  n e ce ssa ry  to  o b ta in  any d e s ire d  accuracy  should 
be based  on the  f i n a l  r a th e r  than  i n i t i a l  d a ta .

Samples of 10 r e p l i c a t e  d e te rm in a tio n s  p ro v id e  s u f f i c i e n t  accuracy  
to  s tudy  th e  f a c to r s  which a re  of i n t e r e s t  in  th e  p re se n t work.
S ig n i f ic a n t  d if f e re n c e s  a re  shown between m uscles in  i n i t i a l  (K /„ ) . 
vk/ s ) c25 v a lu es  even though th e se  a re  n u m erica lly  sm a ll. Pore 3 572// 
im p o rtan t a re  th e  m uscular e f f e c t  and the  in f lu e n c e  of ageing  tim e on 
s u s c e p t ib i l i t y  to  d is c o lo u ra t io n  which a re  dem onstrated .

, / h e  in c re a se d  s u s c e p t ib i l i t y  to  d is c o lo u ra t io n  w ith  tim e i s  g r e a te s t  
f o r  M. p soas m ajor and M. g lu te u s  medius which a r e  a lso  th e  l e a s t  s ta b le  
m uscles i n i t i a l l y .  On th e  o th e r  hand K. long issim u s d o rs i  which is. the  
only  rou.cle to  show reduced  s u s c e p t ib i l i ty  to  d is c o lo u ra t io n  on s to ra g e , 
i s  i n i t i a l l y  th e  most s ta b le  muscle w ith  r e s p e c t  to  c o lo u r .

T h e^ d iffe ren ce  in  r a t e s  o f d is c o lo u ra t io n  a t  25°C between th e se  
m uscles i s  reproduced a ls o  a t  low er tem p e ra tu res . F ig u re  1 shows a 
com parison of th e  r a t e s  o f d is c o lo u ra t io n  f o r  K. long issim u s d o rs i and
M. p soas m ajor from a s in g le  c a rc a se  a t  0 C and 10°C.

Coxoui d e te r io r a t io n  due to  the  accum ulation  of metmyoglobin i s  the 
r e s u l t a n t  o f th e  e f f e c t s  o f a u to x id a tio n  and enzym atic re d u c tio n  
(S tew art e t  a l  ' 65) .

B a c te r ia  in c re a s e  a u to x id a tio n  r a te  by reducing  th e  p a r t i a l  p re ssu re  
°t, oxysen below the  c r i t i c a l  le v e l  o f 30 mm and a lso  by cau sin g  d e n a tu ra tic n  
o± m yoglobin. B a c te r io lo g ic a l  e f f e c t s  were reduced  to  a minimum in  th e  
p re se n t work, bu t would no rm ally  become in c re a s in g ly  im p o rtan t ’w ith s to ra g e  
tim e, and would th u s  augment th e  g re a te r  i n t r i n s i c  s u s c e p t ib i l i t y  to  
d is c o lo u ra t io n  o f meat ageu f o r  th re e  weeks.

S tew art e t  a l  *65 d e sc rib e d  a  method f o r  m easuring metmyoglobin 
red u c in g  a c t i v i t y  MRA, in  which potassium  fe r r ic y a n id e  i s  f i r s t  added to  
samples Oi th e  ground m eat. The r a t e  of metmyoglobin re d u c tio n  which occurs 
under anaerob ic  c o n d itio n s , i s  then  fo llo w ed  by r e f le c ta n c e  spectrophotom etry  

has been f ound to  d ecrease  w ith s to ra g e  tim e and to  be v e ry  low in  
beex a f t e r  p ro longed  s to ra g e  o f 6-8  weeks (Hood, unpub lished  r e s u l t s ) .  The 
MRA of M. lon g issim u s d o rs i i s  g e n e ra lly  h ig h e r  than th a t  o f u n s ta b le  
m uscles l i k e  L!* psoas m ajor and!.:* g lu teu s  medius*

Lo?Sl (1 iIRA Ea3 account, a t  l e a s t  in  p a r t, f o r  th e  g e n e ra lly  g re a te r  
s u s c e p t ib i l i t y  to  d is c o lo u ra t io n  which occurs on s to ra g e . M. lon g issim u s 
d o rs i  i s  the ex cep tio n  to  t h i s  r u le ;  i t  a lso  has a mere s ta b le  MRA, and an 
in c re a s e  inJlRA has o c c a s io n a lly  been reco rded  f o r  t h i s  m uscle.

xhe e f i e c t  01 s to ra g e  tim e on d is c o lo u ra t io n  r a t e  i s  sm all and r e l a t i v e !  
un im portan t compared w ith  in te rm u sc u la r  d i f f e r e n c e s .  Colour s t a b i l i t y  remain 
qui.ee h igh  p a r t i c u l a r l y  a t  r e f r i g e r a t io n  tem p era tu res  p rov ided  th e re  i s  an 
adequate  supply  of oxygen. There oxygen supply  i s  l im ite d  however meat w ith 
low MRA r e a d i ly  forms metmyoglobin even a t  0°C. (H ood,unpublished  r e s u l t s ) .
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T his can be sim ply dem onstrated  by p la c in g  two s tea k s  from m uscles w ith  
low MRA in  c o n ta c t in  a r e f r i g e r a t o r .  A brown a re a  of metmyoglobin forms 
on the  su rfa ce  o f each a t  th e  p o in t  of c o n ta c t .

S p ecu la tin g  on th e  absence o f metmyoglobin fo rm ation  below the  su rface  
o f oxygenated m eat, where the  p a r t i a l  p re s su re  of oxygen i s  op tim al f o r  
metmyoglobin accum ulation , Zimmerman & Snyder *67 suggested  th a t  such a 
la y e r  does n o t occur in  m eat. However a  la y e r  o f metmyoglogin i s  r e a d i ly  
observed  a few mm below th e  su rfa c e  in  meat w ith  low MRA.

FIGURE 1. RATE OF DISCOLOURATION OF M, PSOAS MAJOR AND M. LONGISSIMUS

DORSI FROM A SINGLE CARCASE AT 0°C AND 10°C.

PERCENTAGE
metmyoglobin

' STORAGE TIME (DAYS).
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