
STRATEGIES FOR IMPROVING FRESH MEAT 
COLOR

CAMERON FAUSTMAN 
ROBERT G. CASSENS

Meat Science Laboratory 
U n ivers ity  o f Wisconsin-Madison 
Madison, WI 53706

INTRODUCTION
The visual appearance o f any food 

product is  an important sensory prop­
e r ty  by which consumers judge qu a li ty  
(Cassens e t a l . 1987). This is  es­
p e c ia l ly  true in fresh meat cuts where 
surface d isco lo ra t ion  may be in te r ­
preted as an ind ica tion  o f unwhole­
someness.

The co lo r o f meat is p r im a r i ly  
due to the heme-containing pro te in , 
myoglobin. The heme group contains a 
central iron atom which can form six 
bonds. Four o f these bonds anchor 
the iron in to  the heme protoporphyrin 
molecule while the f i f t h  bond attaches 
the heme to the apoprotein. The 
chemical group which is  bound a t  the 
s ix th  s i te  and the redox state o f the 
heme iron determine meat co lo r (F ig. 
1)„ Deoxymyoglobin lacks a s ix th
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Figure 1. The color of meat and the associated forms 
of myoglobin.

l igand and is responsible fo r  the pur­
p lish -red  appearance o f f re sh ly -cu t 
meat surfaces. I f  the meat is  exposed 
to a i r ,  oxygen w i l l  bind as the s ix th  
ligand and form oxymyoglobin, the pig­
ment responsible fo r  typ ica l cherry- 
red, "fresh beef" co lo r. Over time, 
oxymyoglobin w i l l  oxid ize to undesir­
able brownish metmyoglobin which has 
H2O bound a t the s ix th  pos it ion . The 
redox state o f the heme iron in  both 
deoxy- and oxy- myoglobin is  +2 while 
in metmyoglobin i t  is  +3 .

There are two basic s tra teg ies 
fo r  maintaining the desirable
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using a p a r t ia l ly  p u r i f^ in6 
globin reductase from ,y pm cf  
muscle and e ith e r Pa r t ] l lfn
cytochrome be or po tass i^
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Thic ° ccurring a t pH 7.0 and 
Q 37tg0  ̂ t r end occurred a t both 22°C

VehcHies forfnetmyog/obin reduction at two tempera-
Mediator 

Çvtb.
Initial Velocity (nmol/min)
22°C 37.5°C

Ferrocyanide 
bB

Ferr°cyanide 
Cytb5

....

$cien With
Sarne column

17.4* 
11.3b 
9 .9 *  
8.6bc 
8.6* 
7.6C

33.2*
20.7b
17.4C
14.7d
13.7d
14.3“

with different superscripts differ significantly

lg»n p®rtTn’ssion from J. Food 
8* 53(4): 1065.

% ,

lt,es of metmyoglobin reduction at various assay

lition
Initial Velocity 

(nmol/min)

FKeCN NADH 22°C 37.5'C

IP,' vaiUeB .

1*,> ,n,h6- ma

9.9* 17.4* 
8.6* 14.7b 

10.2* 20.2C 
0.0b 0.0d 
0.6b 0.3d

c°lumn with different superscripts differ significantly

^  With
T9go p®r ^ iss ion  from J. Food 

^  3 3 (4 ): 1065.
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S e e  P®duped metmyoglobin in 

metmyoglobin reduc 
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Ûn =5l0n- Results fo r  these 

M M pni  are shown in
V % nst. tassium ferrocyanide did 
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ry'i ®Parat:ion. I t  appears 
¡Si,°n f tom i .cytochrome b5 prep- 
\ a J ntern l 1Var contains component 

me-bnw V1th cytochrome bs to 
V j t i c  r ^°9 iobin reduction. Non- 
19ni^t Ur'e®dUction by NADH at both 
, Meant Mas minimal and not 
0 S> e n  th(P<° . ° 5 ) .

at p?oix tures were allowed 
Mmi sayc f .  c > i t  was observedf ^ays . I t  was observed

Uh reductase and potas- 
a^ch than +u^e re~oxidized more 
» Oha M e  k th ° Se with reductase and
%  5 b, A.. b5 p r L prepara ti°n or cyto- 
b \ i ! e f 0r paration  alone. Spectral 
°tb a che observed re-oxidation 

tvnSiven Figs. 1 and 2.
peth Piqtno ?S reached a maximum of 
S  ' h f c  i t  0.5 h. However, 

^ahide l0 r  o f the reductase/ 
assay demonstrated a

rapid return to the oxid ized, met- 
state at 2 h (Fig. 1) while the assay 
with cytochrome bs preparation alone

Fig. 1 —Absorbance spectrum of the cardiac metmyoglobin re­
ductase assay with potassium ferrocyanide at 22°C displaying 
the time course of reduction and subsequent oxidation.

Taken w ith permission from J. Food 
Sci. 1988, 53(4): 1065.

Fig. 2—Absorbance spectrum of the assay with cytochrome bs 
preparation alone (i.e. without cardiac reductase) at 22°C dis­
playing the time course of reduction and subsequent oxidation.

Taken with permission from J. Food 
Sci. 1988. 53(4): 1065.

required 48 h to return to the time 0 
spectra (F ig. 2 ). The cardiac reduc­
tase ex trac t with cytochrome bij prep­
aration as mediator showed a s im ila r  
time course/spectrum re la t io n  to that 
in Fig. 2.

A schematic diagram o f the met­
myoglobin reduction pathways observed 
in these experiments is shown in Fig.
3. NADH is  the u lt im ate source of 
reducing equivalents fo r  a l l  pathways. 
Potassium ferrocyanide is believed to 
f a c i l i t a t e  metmyoglobin reduction in 
a manner s im ila r  to i t s  ro le  in methe- 
moglobin reduction (Hegesh and Avron, 
1967, Hagler et a l . , 1979). The 
ferrocyanide is not a simple electron 
c a r r ie r  but binds to the heme protein 
in such a way as to make the heme
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group accessible to the metmyoglobin 
reductase. Livingston e t a l .  (1985) 
have demonstrated tha t p u r i f ie d  met­
myoglobin reductase enzymatically

NADH

Bovine Cardiac 
, Metmyoglobin

K4Fe(CN)6

Cytochrome b ^

Cytochrome b 
Reductase

Ferric Mb 

'  Ferrous Mb

Ferric Mb 

V. Ferrous Mb

Fig. 3—Proposed pathways for observed metmyoglobin reduc­
tion.

Taken with permission from J„ Food 
Sci. 1988. 53(4): 1065.

reduces cytochrome bg, and subse­
quently, the reduced cytochrome b5 
then reduces f e r r ic  myoglobin to 
ferrous myoglobin. S tr i t tm a te r  et a l .  
(1978) indicated that cytochrome bg 
reductase is  a component o f the par­
t i a l l y  p u r i f ie d  l i v e r  ex trac t.  Thus, 
the l i v e r  ex trac t was able to reduce 
metmyoglobin in the absence o f met­
myoglobin reductase via enzymatic re­
duction o f cytochrome b5 by cyto­
chrome b5 reductase with subsequent 
reduction o f f e r r i c  myoglobin to 
ferrous myoglobin by the reduced 
cytochrome bg. I t  may be possible 
tha t our bovine 1 iver/cytochrome bg 
preparation contained metmyoglobin 
reductase. Work on the mechanism o f 
reduction by Livingston e t a l .  (1985) 
resulted in cardiac metmyoglobin re ­
ductase being c la s s i f ie d  as an NADH: 
cytochrome bg reductase. This c las­
s i f ic a t io n  also applies to l i v e r  mi­
crosomal cytochrome bg reductase, and 
so these two proteins perform s im ila r  
functions a lb e i t  in d i f fe re n t  ana­
tomical loca tions. Further work is 
necessary to define the exact proteins 
responsible fo r  reduction by the l iv e r  
preparation.

Vitamin E is  a well characterized, 
l ip id -s o lu b le  an tiox idant located in 
ce l l  membranes o f b io log ica l systems. 
Holste in steer d ie ts  were supplemented 
with 370 I.U. a-tocopheryl acetate/ 
head/day fo r  ca. 300 days; the color 
and l i p id  s ta b i l i t y  o f meat subse­
quently obtained from these animals 
was compared with tha t o f meat from 
non-supplemented, control animals.

\t
Data describing d i f fe r  ^ , 

s i r lo in  steak co lor stabi 11 yti' 
the two treatment group ^
ing Hunter 'a ' valueI liy M U M  ^  V

presented in  Figure 4A ana
and chrf'

4B re' /
t ive

spective ly . For both o b je ^ ^ n  
measurements, values fo r  51

day of
Fig. 4- Objective color and 
sirloin steaks, from contr . du ,c!
E-supplemented Holstein s- , e 
storage at 4°C. (A) 'a ns

steers-(rednf
17 ff,re

and (B) chroma (intensity) ,
each treatment group; std igSion 
indicated. Taken with Pe( ,
J. Food Sci. 1989. V

steaks from dontrol and v^ s
supplemented Holste in ^gg)ers fc'

d i f fe re n t  a t day 0 (P<0* nC|e<
inn H knfW nvmlDS -rt

to r

ing day 0 , both groups 1 ar^ e 
crease in the two color P st°'n i' 
values during ré fr ig é râ t  
However, steaks from the^ nl0t-e ^  , 
supplemented animals we[ ange>
s is ta n t to th is  color 
d ifferences between the -  ando i) /
groups fo r  both 'a ' valu« 
were h igh ly s i g n i f i c a n t ^  sto ^

i t '  ,
nign ly sign m m-«” .og 

days 2, 4, 6 , and 8 of
The chroma values fo r the £  ^
Holstein beef are sim i l ar
11 w  I j  u u  111 I I v- / - i n /

Taylor and MacDougall I (j

r ta for ’A  

91} V

Meanstored in a i r .
(data not show 
fo r  the vitamin E-supP

L ana^, [ ? Jite r , prö
(data not shown) were_ ^ e n t ê
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Of 0
storQ ar|d 2, and days 2, 4 and 6 

%u The9® ^ s p e c t i  ve ly .
Co V  « 'tocopherol, l i p i d ,  and 

r the ground s i r lo in  from 
f  stefn ^d vitamin E-supplemented 
s0h 6 a~+ers are l is te d  in Table 3. 
f0̂ etnen ^ OcoPhe r° l  leve ls o f the

¡teat!
L , ^hentpH
V  9reat ° animaTs were more than 2- 

fP^r than non-supplemented 
C  (Ko S;?5 ) - There was no differ-  
P1h or between the 2 groups for 

t, Oat,”; 1 sture.
kJl in q ar metmyoglobin accumula- 
(pî nteH .und sir lo in  patties is 
|*?-0S) n Fig. 5. For d 0 and
' i S l i b  ¡ f , “  2 antl 4 0 * 0 .1 0 ) .

tha Was Sweater for control 
Vitamin t 0 r  those supplemented 
\  H°l$te ' Fresh, ground sirloin
Iw^n  ̂ steers supplemented with 
Vr dXiHa  ̂ aTSo more resistant to
S .  »f 4Vl0n (Fig. 6) .  At d 2, 4
^tr^tive  fo ra g e ,  accumulation of

Sto^^al Cle$ f '■ '«•vjwiy. n u u i n u i i u n j

ioll  ̂ at 9r°und s ir lo in pattiesdQWf- L ~1 8° r  n____  / n.K rfirN

> lltw Up aULUIIIU I QU U I I  Ul
i&A °1 stors Sut)stances was greater in 
St.. Vai„_ e6rs fp<n ncl +(P<0.05). Additionally, 

, t too 9r°und s ir lo in pattif 
°Wing ^0  c Were lower (P<0.05)

*b and 3 mo storage for

meat from supplemented versus control 
animals (Table 4).

Fig. 5- Metmyoglobin accumulation during storage 
at 4°C for fresh ground sirloin patties from con­
trol and vitamin E-supplemented Holstein steers. 
n=l1 for each group; std error bars are indicated 
Taken with permission from J. Food Sci. 1989. In 
press.

Table 3. Alpha-tocopherol, moisture and ether-extractable lipid for 
ground sirloin muscle from control and vitamin E-supplemented 
Holstein steers.

^¿tment_
Of tocopherol

—  (mg/lOO* tissue) % linid % moisture

C°htrol 0.16a (±D.07) 5.9 (±3.1) 76.1 (±2.4)

Vltamin E_Supplemented 0.44b (±0.09) 5.7 (±1.8) 76.5 (±1.4)

Vaiues (±S.D.) in the same column with ' *^ 0 . Q 5 aj , ‘ N=ll for each treatment group.“*en witv,u " permission from J. Food Sci. 1989.

different 

In press.

superscripts differ

Table ^ Mean TBA values for ground sirloin patties under frozen storage 
(~18°C), from control and vitamin E-supplemented Holstein 
steers .

tatmejvt
Storage period (months)

0_____________ 1_J>___________ 3_J3.

C°btroi 0.11 (±D.08)
’ i t amin E-supplemented 0.13 (±0.05)

1.19a (±D.37) 0.48a (±0.14)

0.19b (±D.07) 0.26b (±D . 07 )

3 an
(PfQ
l ak

Value
05).

®n with

s (± S.D.) in the same column with 
N=H  for each treatment group. 
Permission from J. Food Sci. 1989.

different 

In pres

superscripts differ

4 4 9



3.50

Fig. 6- TBA numbers of fresh ground sirloin from 
control and vitamin E-supplemented Holstein steers 
during storage at 4°C. n=ll for each group; std 
error bars are indicated. Taken with permission 
from J. Food Sci. 1989. In press.

D a t a  o n  a - t o c o p h e r o l  c o n t e n t  
( F i g  7 ) ,  t h e  p e r c e n t  m e t m y o g l o b i n  
( F i g .  7 A )  a n d  T B A  n o .  ( F i g .  7 B )  o f  

g r o u n d  s i r l o i n  a t  6  d  s t o r a g e  a r e  
p r e s e n t e d  i n  F i g .  7 .  T h e  c o r r e l a t i o n  
c o e f f i c i e n t s  f o r  c o n t r o l  a n i m a l s  w e r e  
- 0 . 7 6  a n d  - 0 . 7 8  f o r  F i g .  7 A a n d  7 B ,  
r e s p e c t i v e l y ,  a n d  w e r e  s i g n i f i c a n t  
( P < 0 . 0 5 ) .  T h e  c o r r e l a t i o n  c o e f f i ­
c i e n t s  f o r  v i t a m i n  E - s u p p l e n i e n t e d  
a n i m a l s  w e r e  0 . 1 6  a n d  0 . 1 4  f o r  F i g .
7 A  a n d  7 B ,  r e s p e c t i v e l y ,  a n d  w e r e  n o t

F i g .  7 -  R e l a t i o n s h i p  b e t w e e n  a - t o c o p h e r o l  
c o n t e n t  a n d ,  ( A )  p e r c e n t  m e t m y o g l o b i n  a t  
6 d a y s  a n d  ( B )  T B A  n o .  a t  6 d a y s  i n  
g r o u n d  s i r l o i n .  F i r s t - o r d e r  r e g r e s s i o n  
l i n e s  a r e  i n d i c a t e d .  T a k e n  w i t h  p e r ­
m i s s i o n  f r o m  J .  F o o d  S c i .  1 9 8 9 .  I n  p r e s s .

s i g n i f i c a n t  ( P > 0 . 0 5 ) .  A l p b a
. i o n s  d - jd f l ° f 

o f  c a .  0 . 3  m g  p e r  1 0 0  g  ^ e a  e f i t Tjf
t o c o p h e r o l  c o n c e n t r a t i o n s
V I  V  v.  •  V  ® V  r ' - '  I V V  ^  U £3 f i t -  '

a p p e a r  t o  y i e l d  a n y  a d d e d  D  l a t i ° r’ 
r e d u c i n g  m e t m y o g l o b i n  accum ^ y e 1’ 
T B A  n o .  i n  g r o u n d  s i r l o i n .  
c o n c e n t r a t i o n s  b e l o w  c a .  0 * n °  j  
t o c o p h e r o l  p e r  1 0 0  g  m e a t  
s u f f i c i e n t  t o  a c h i e v e  m i n '101 d3 
a n d  l i p i d  o x i d a t i o n .  T h u s » ^  £
i n d i c a t e d  t h a t  d i e t a r y v i t a ^ y
s u p p l e m e n t a t i o n  s h o u l d  b e  pel
a t  a  l e v e l  t o  o b t a i n  c a .  0 .  j  
1 0 0  g  m e a t .  . t h a t  \ {i

O u r  r e s u l t s  i n d i c a t e  
E - s u p p l e m e n t a t i o n  o f  ^ ° ^ S j e c o l °  „ 
s t a b i l i z e s  t h e  r e d n e s s  a n d  g i s ^ f  
t e n s i t y  o f  s i r l o i n  s t e a k s  
d e l a y s  p i g m e n t  a n d  l i p i d  0 , e S e  ^  
g r o u n d  b e e f  o b t a i n e d  f n o n l  r a d i c 8 y 5 
m a l s .  V i t a m i n  E  quenches a n d  w  
d e r i v e d  f r o m  l i p i d  o x i d a t 1 Y
i s  l i k e l y  t h e  m e c h a n i s m  b y  
m e n t  o x i d a t i o n  i s  delayed, .jy, i 
c o u l d  b e  a c c o m p l i s h e d  d i r ®  n t  '¡y
d i r e c t l y  v i a  s p a r i n g  o f  C o K y i i
d u c i n g  m e c h a n i s m s ,  o r  b o t n . ^ p 0 r K  
t e n t  r e s e a r c h  r e s u l t s  f o r  
t h e  e x o g e n o u s  a d d i t i o n  ° '  ^  fof
t o  m e a t  p r o d u c t s  a r e  i a c k j v a n t a .t( i 
r e s u l t s  i n d i c a t e  a  r e a l  a  s

>in steel e e ^s u p p l e m e n t i n g  H o l s t e -
v i t a m i n  E  t o  o b t a i n  9 r o u n c i h p l i e V V  
a  g r e a t e r  s h e l f - l i f e .  U p  4 n C -

ve

t h a t  t h i s  a d v a n t a g e  i s _ d u ^
We
due t o  #

p o r a t i o n  o f  v i t a m i n  E  i n t o  ^ y s ^
m e m b r a n e s  w h e r e  i t  h a s  i ^ j j d ^ 1^fOui c a l  a n t i o x i d a n t  effect .  ^  pr̂

j - ami n
d o e s  n o t  e n s u r e  t h a t  v 1
e x o g e n o u s  t o c o p h e r o l  t o  f  £  | 
d o e s  n o t  e n s u r e  t h a t  v i t a  . 
p r o p e r l y  p o s i t i o n e d  t o  P e  
a n t i o x i d a n t  r o l e .  t e s  i ri“

G r o u n d  b e e f  ¡ P

i$

l a t e d  w i t h  fluorescent
..........a n d / o r  B r o c h o t h r i x  ;ri

h e l d  a t  4 ° C ,  w e r e  a s s a y e d
t e r i a l  g r o w t h ,  p H ,  a n d  
c o n t e n t  d u r i n g  1 0  d  o f  5 0 t , i ' n  }o( 
t o  r e a c h  m a x i m u m  m e t m y o S  8 ^
5  d  f o r  P s e u d o m o n a s  a n d  ' s  0 . .  
B .  t h e r m o s p h a c t a .  B o t h  ¡ ¿ y O g J 0 t f r  
b a c t e r i a  d e m o n s t r a t e d  m e  -¡q d  
r e d u c t i o n  a t  approximate y ^ a s
F r e q u e n c y  o f  s a m p l i n g  t 1 1 1 1 ^  ^ o'1.
c r i t i c a l  f a c t o r  i n  b e i n g  Q ^ i d ^  \(f 
a c c u r a t e l y  d o c u m e n t  p s a K  D a  ^  
a n d  s u b s e q u e n t  r e d u c t i o n *  a r  
t h e  f l u o r e s c e n t  P s e u d o m O L ^ - -
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H ", lQn 
Ca* 5.5

1 n  F i g u r e  8 .  M e t m y o g l o b i n  
a 9 a i n  o c c u r r e d ,  a n d  b e g a n  

d a y s .  I f  h o m o g e n a t e s

'*d
o n  a l t e r n a t e  d a y s■e. dl assayedy:W...ays 4 o cx”"

S l 0 n  > ,  61 b J >  t h e  r e c o r d e d  c o l o r
< c .  I n ? o U l d  h a v e  b e e n  l e s s  d r a -  
W S u i a t ^ e s t l n g l y ,  a t  5 . 5  d a y s ,
^ r i  ? x ‘i t t i s t r, T ° n  ° f  P s e u d o m o n a s  w a s  

S n  t i y . 1 0 8  C F U 7 g " a n d ’  t h e  p H  
\ h l t e r e d  l n c r e a s e .
Cl|l t , a F i U n  ’  c e l l - f r e e  s u p e r n a t a n t  
V V  g r o u , e s c e n t  P s e u d o m o n a s  
M  ^ f F e c t i v n  1' n  t r y p t i c a s e  s o y  b r o t h  
\ )  n J n  v i + e  1 n  r e d u c i n g  m e t m y o g l o b i

Of

Sd- ur nTTt:—   ̂JUJ a l cc v, in
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Fig. 9- Absorbance spectra for (A) 3 hr assays of met- 
myoglobin reduction, and (B) metmyoglobin, oxymyoglobin 
and deoxymyoglobin. Assays contained 0.025mM metmyo­
globin in addition to 50% (#1) or 90% (#2) Pseudomonas 
culture filtrate.

I t  h a s  g e n e r a l l y  b e e n  a s s u m e d  t h a t  
t h e  d e s i r a b i l i t y  o f  c o l o r  a n d  t h e  
b a c t e r i a l  p o p u l a t i o n  o f  m e a t  a r e  i n ­
v e r s e l y  r e l a t e d .  O u r  r e s u l t s  s u p p o r t  
t h i s  o b s e r v a t i o n  i n  a  m e a t  h o m o g e n a t e  
s y s t e m  b u t  o n l y  f o r  l o w  b a c t e r i a l  
p o p u l a t i o n s  ( c a .  I C r  C F U / g ) .  A t  v e r y  
h i g h  p o p u l a t i o n s  ( c a .  1 0 °  C F U / g )  o f  
p s y c h r o t r o p h i c  b a c t e r i a ,  h o w e v e r ,  r e ­
d u c t i o n  o f  m e t m y o g l o b i n  m a y  o c c u r .
F o r  f l u o r e s c e n t  p s e u d o m o n a d s ,  t h e  
r e d u c t i o n  o c c u r s  c o n c o m i t a n t l y  w i t h  a  
p H  i n c r e a s e  a n d  t h e  l a t t e r  i s  l i k e l y  
a  r e s u l t  o f  d e a m i n a t i o n  o f  p r o t e i n  
s u b s t r a t e  b y  b a c t e r i a  ( D a i n t y ,  1 9 8 6 ) .  
T h e  m e c h a n i s m  b y  w h i c h  t h i s  r e d u c t i o n  
o c c u r s  i s  u n k n o w n .  B u t l e r  e t  a l .  
( 1 9 5 3 )  a t t r i b u t e d  m e t m y o g l o b i n  r e ­
d u c t i o n  o n  b e e f  s t e a k  s u r f a c e s  t o  
o x y g e n  c o n s u m p t i o n  b y  h i g h  n u m b e r s  o f  
b a c t e r i a ;  t h e y  m a i n t a i n e d  t h a t  t h i s  
w o u l d  b e  s u f f i c i e n t  t o  p r o v i d e  r e ­
d u c i n g  c o n d i t i o n s .  H o w e v e r ,  i n  o u r  
s t u d y ,  c e l l - f r e e  c u l t u r e  s u p e r n a t a n t  
w a s  c a p a b l e  o f  r e d u c i n g  m e t m y o g l o b i n  
i n  v i t r o  a n d  t h i s  w o u l d  c o u n t e r  t h e
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l a t t e r  a r g u m e n t .

S U M M A R Y
I m p r o v i n g  c o l o r  s t a b i l i t y  o f  

f r e s h  m e a t  r e q u i r e s  d e p r e s s i o n  o f  
p r o o x i d a n t  f o r c e s  a n d / o r  e n h a n c e m e n t  
o f  r e d u c i n g  m e c h a n i s m s .  R e d u c t i o n  o f  
m e t m y o g l o b i n  b y  e x t r a c t s  o f  b o v i n e  
c a r d i a c  m u s c l e  o r  l i v e r  m a y  p r o v i d e  a  
m e a n s  o f  i m p r o v i n g  m e a t  c o l o r  b y  
u t i l i z i n g  c o m p o n e n t s  o f  l o w  c o m m e r c i a l  
v a l u e  v a r i e t y  m e a t s .  I f  t h i s  o r  o t h e r  
t e c h n o l o g i e s  p r o v i d e  f o r  p r a c t i c a l  
p i g m e n t  r e d u c t i o n  i n  m e a t ,  i t  w i l l  
s t i l l  b e  i m p e r a t i v e  t o  h a v e  a n  a n t i ­
o x i d a n t  f o r c e  p r e s e n t  s o  a s  t o  d e l a y  
s u b s e q u e n t  p i g m e n t  o x i d a t i o n .  D i ­
e t a r y  s u p p l e m e n t a t i o n  o f  H o l s t e i n  
s t e e r  d i e t s  w i t h  a - t o c o p h e r y l  a c e t a t e  
a p p e a r s  a n  e f f e c t i v e  m e a n s  o f  a c c o m ­
p l i s h i n g  t h i s .  T h e  i n c r e a s e d  t i s s u e  
a - t o c o p h e r o l  c o n t e n t  o f  s u p p l e m e n t e d  
a n i m a l s  a l l o w s  f o r  t h e  n a t u r a l  a n t i ­
o x i d a n t ,  v i t a m i n  E ,  t o  p e r f o r m  i t s  
p h y s i o l o g i c a l  r o l e  o f  p r o t e c t i n g  m e m ­
b r a n e  l i p i d s .  P s y c h r o t r o p h i c  b a c t e ­
r i a  w e r e  d e m o n s t r a t e d  t o  b e  p r o ­
o x i d a n t  i n  l o w  p o p u l a t i o n  n u m b e r s  
( c a .  1 0 ^  C F U / g )  a n d  p r o r e d u c t i v e  a t  
v e r y  h i g h  p o p u l a t i o n s  ( c a .  1 0 °  C F U / g ) .  
T h e  m e c h a n i s m  b y  w h i c h  m e t m y o g l o b i n  
r e d u c t i o n  o c c u r r e d  i s  u n k n o w n  b u t  t h e  
p a r t i c i p a t i o n  o f  v i a b l e  i n t a c t  c e l l s  
c a n  b e  e l i m i n a t e d .  R e s u l t s  i n d i c a t e  
t h a t  a  t h r e s h o l d  p o p u l a t i o n  o f  
b a c t e r i a  m u s t  b e  a t t a i n e d  b e f o r e  c u l ­
t u r e  f i l t r a t e  m a y  r e d u c e  m e t m y o g l o b i n .  
T h e  r e s p o n s i b l e  a g e n t s  a r e  e i t h e r  
b a c t e r i a l  m e t a b o l i t e s  e l a b o r a t e d  
d u r i n g  g r o w t h ,  o r  i n t r a c e l l u l a r  c o m ­
p o n e n t s  f r e e d  d u r i n g  c e l l  l y s i s .  I t  
i s  c r i t i c a l  t h a t  b a c t e r i a l  q u a l i t y  b e  
r e p o r t e d  w h e n e v e r  n e w  i n n o v a t i o n s  f o r  
i m p r o v i n g  m e a t  c o l o r  a r e  e m p l o y e d .  
A d d i t i o n a l l y ,  t h e  r e l a t i o n s h i p  b e ­
t w e e n  m e a t  d i s c o l o r a t i o n  a n d  b a c t e ­
r i a l  q u a l i t y  i s  c o m p l e x  a n d  m e a t  
c o l o r  i s  n o t  n e c e s s a r i l y  a  r e l i a b l e  
i n d i c a t o r  o f  b a c t e r i a l  l o a d .
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