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INTRODUCTION

The visual appearance of any food
product is an important sensory prop-
erty by which consumers judge quality
(Cassens et al. 1987). This is es-
pecially true in fresh meat cuts where
surface discoloration may be inter-
preted as an indication of unwhole-
someness.

The color of meat is primarily
due to the heme-containing protein,
myoglobin. The heme group contains a
central iron atom which can form six
bonds. Four of these bonds anchor
the iron into the heme protoporphyrin
molecule while the fifth bond attaches
the heme to the apoprotein. The
chemical group which is bound at the
sixth site and the redox state of the
heme iron determine meat color (Fig.
1). Deoxymyoglobin lacks a sixth
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Figure 1. The color of meat and the associated forms

of myoglobin.

l1igand and is responsible for the pur-
plish-red appearance of freshly-cut
meat surfaces. If the meat is exposed
to air, oxygen will bind as the sixth
ligand and form oxymyoglobin, the pig-
ment responsible for typical cherry-
red, "fresh beef" color. Over time,
oxymyoglobin will oxidize to undesir-
able brownish metmyoglobin which has
H20 bound at the sixth position. The
redox state of the heme iron in both
deoxy- and oxy=- myoglobin is +2 while
in metmyoglobin it is +3.

There are two basic strategies
for maintaining the desirable
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rapid return to the oxidized, met-
state at 2 h (Fig. 1) while the assay
with cytochrome bg preparation alone
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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 with permission from J. Food
Sci. 1988, 53(4): 1065.
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Fig. 2—Absorbance spectrum of the assay with cytochrome by
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 (Fig. 2). The cardiac reduc-
tase extract with cytochrome bg prep-
aration as mediator showed a similar
time course/spectrum relation to that
inFlg. 2.

A schematic diagram of the met-
myoglobin reduction pathways observed
in these experiments is shown in Fig,
3. MADH is the ultimate source of
reducing equivalents for all pathways.
Potassium ferrocyanide is believed to
facilitate metmyoglobin reduction in
a manner similar to its role in methe-
moglobin reduction (Hegesh and Avron,
1967, Hagler et al., 1979). The
ferrocyanide is not a simple electron
carrier but binds to the heme protein
in such a way as to make the heme




group accessible to the metmyoglobin
reductase. Livingston et al. (1985)
have demonstrated that purified met-
myoglobin reductase enzymatically
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Fig. 3—Proposed pathways for observed metmyoglobin reduc-
tion.

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

reduces cytochrome bs, and subse-
quently, the reduced cytochrome bg
then reduces ferric myoglobin to
ferrous myoglobin. Strittmater et al.
(1978) indicated that cytochrome bsg
reductase is a component of the par-
tially purified liver extract. Thus,
the liver extract was able to reduce
metmyoglobin in the absence of met-
myoglobin reductase via enzymatic re-
duction of cytochrome bg by cyto-
chrome bg reductase with subsequent
reduction of ferric myoglobin to
ferrous myoglobin by the reduced
cytochrome bg. It may be possible
that our bovine liver/cytochrome bg
preparation contained metmyoglobin
reductase. Work on the mechanism of
reduction by Livingston et al. (1985)
resulted in cardiac metmyoglobin re-
ductase being classified as an NADH:
cytochrome bg reductase. This clas-
sification also applies to Tiver mi-
crosomal cytochrome bg reductase, and
so these two proteins perform similar
functions albeit in different ana-
tomical locations. Further work is
necessary to define the exact proteins
responsible for reduction by the liver
preparation.

Vitamin E is a well characterized,
1ipid-soluble antioxidant located in
cell membranes of biological systems.
Holstein steer diets were supplemented
with 370 I.U. a-tocopheryl acetate/
head/day for ca. 300 days; the color
and 1ipid stability of meat subse-
quently obtained from these animals
was compared with that of meat from
non-supplemented, control animals.
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Fig. 5- Metmyoglobin accumulation during storage
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trol and vitamin E-supplemented Holstein steers.
n=11 for each group; std error bars are indicated.
Taken with permission from J. Food Sci. 1989. In
press.
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error bars are indicated. Taken with permission

from J. Food Sci. 1989. In press.

Data on a-tocopherol content

(Fig 7), the percent metmyoglobin
(Fig. 7A) and TBA no. (Fig. 7B) of
ground sirloin at 6 d storage are
presented in Fig. 7. The correlation
coefficients for control animals were
-0.76 and -0.78 for Fig. 7A and 7B,
respectively, and were significant
(P<0.05). The correlation coeffi-
cients for vitamin E-supplemented
animals were 0.16 and 0.14 for Fig.
7A and 7B, respectively, and were not
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Fig. 7- Relationship between a-tocopherol
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mission from J. Food Sci. 1989. In press.
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filtrate appeared to shift the iso-
bestic point to ca. 515 nm. We do
not have an explanation for this
phenomenon.
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Fig. 9- Absorbance spectra for (A) 3 hr assays of met-
myoglobin reduction, and (B) metmyoglobin, oxymyoglobin
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It has generally been assumed that
the desirability of color and the
bacterial population of meat are in-
versely related. Our results support
this observation in a meat homogenate
system but only for, K low bacterial
populations (ca. 104 CFUég). At very
high populations (ca. 10° CFU/g) of
psychrotrophic bacteria, however, re-
duction of metmyoglobin may occur.
For fluorescent pseudomonads, the
reduction occurs concomitantly with a
pH increase and the latter is likely
a result of deamination of protein
substrate by bacteria (Dainty, 1986).
The mechanism by which this reduction
occurs is unknown. Butler et al.
(1953) attributed metmyoglobin re-
duction on beef steak surfaces to
oxygen consumption by high numbers of
bacteria; they maintained that this
would be sufficient to provide re-
ducing conditions. However, in our
study, cell-free culture supernatant
was capable of reducing metmyoglobin
in vitro and this would counter the




latter argument.

SUMMARY

Improving color stability of
fresh meat requires depression of
prooxidant forces and/or enhancement
of reducing mechanisms. Reduction of
metmyoglobin by extracts of bovine
cardiac muscle or liver may provide a
means of improving meat color by
utilizing components of low commercial
value variety meats. If this or other
technologies provide for practical
pigment reduction in meat, it will
still be imperative to have an anti-
oxidant force present so as to delay
subsequent pigment oxidation. Di-
etary supplementation of Holstein
steer diets with a-tocopheryl acetate
appears an effective means of accom-
plishing this. The increased tissue
a-tocopherol content of supplemented
animals allows for the natural anti-
oxidant, vitamin E, to perform its
physiological role of protecting mem-
brane 1ipids. Psychrotrophic bacte-
ria were demonstrated to be pro-
oxidant in Tow population numbers
(ca. 104 CFU/g) and proreductive at

very high populations (ca. 10° CFU/g).

The mechanism by which metmyoglobin
reduction occurred is unknown but the
participation of viable intact cells
can be eliminated. Results indicate
that a threshold population of
bacteria must be attained before cul-
ture filtrate may reduce metmyoglobin.
The responsible agents are either
bacterial metabolites elaborated
during growth, or intracellular com-
ponents freed during cell 1lysis. It
is critical that bacterial quality be
reported whenever new innovations for
improving meat color are employed.
Additionally, the relationship be-
tween meat discoloration and bacte-
rial quality is complex and meat
color is not necessarily a reliable
indicator of bacterial load.
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