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NTRoDUCT 10N

Co .
Tor In raw meat

relative

8 is dependent on
d .
i.q crent

proportions of the
myoglobin  derivatives,
Mate.’ oxymyoglobin (Mb0,),
a§§m¥091ob1n (MetMb, ferrimyog]ob?n)
fopp reduced myoglobin (Mb,
3 poyoglobin). MetMb unlike Mb is
Hgaor electron donor at the sixth
Mfk?d (George & Stratman, 1954;
fop tﬂd’ 1973), and is responsible
0Xjqsoc Prown to black appearance of
Drgmoied meat. Salt 1is known to
(chan € oxidation in post-rigor meat
19ge. 0 & Watts, 1950; Ellis et al.,
Prj é Greene et al., 1971; Greene &
“988’ 1975), but Torres et al.
addin) have "recently reported that
St&bj?-sa]t to pre-rigor ground beef
Maint 1Zes  the red color by
Mbo, -21Ning a high proportion of
mea%‘ _Pre-rigor grinding of raw
Agg MNile the pH is still high has
Oﬁdatgen reported to minimize lipid
Whane 10N (Owen & Lawrie, 1975;
9etal., 1986).

Qaprs

mézéng the above facts in mind, the
furth study was designed to
DH]-ner explore the role of salt and
the egmat pigment oxidation. Thus,
P fects of salt level, pH, and
State (pre-versus post-rigor)
titoep, the activity — of  “the
Pt ; ndria] and microsomal
the re?"S_Of muscle were related to
g Mo ative proportions of Mb, MbO,
t™b over 96 hr. at 49C.

ATg
Pre-RALS AND METHODS
90r bottom round muscle was
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obtained from beef carcasses within

45 min. of slaughter from the
abattoir of the Meat Laboratory at
Michigan State University. The

post-rigor samples were excised from
the contralateral muscle of the same
carcasses at 24 hr. post-mortem as
described by Torres et al. (1988).

Preparation of Sarcoplasmic Extract
Both the pre- and post-rigor meat
samples were minced by twice passing
through a meat grinder. A 150g
minced sample was homogenized in a
cold (4°C) 0.25M glycerol solution
containing 5uM sodium iodoacetate to
arrest glycolysis. The sarcoplasmic
extract was obtained by centri-
fugation at 1000g for 10 min. at 0°C
and then was divided into two
portions. One portion was adjusted
to pH 7.4 and the other to 5.4 by

adding  NaOH or: “factic " acid,
respectively. The extracts were
kept cool in crushed ice. Each
extract was further divided into 3
parts, with the first part
containing both the mitochondrial
and microsomal fractions. From the

second part, the mitochondria were

eliminated by centrifugation and
from the third part both the
mitochondria and microsomes were

removed by sequential centrifugation
using the method of Schenkman &
Cinti (1978). Each extract was
further divided into 4 parts and
NaCl was added to make the final
concentration 0.0, 0.5, 2.0 and 4.0%

salt. A1l samples were stored at
4°C, and analyzed for myoglobin
derivatives after 0, 24, 48 and 96
hr.

Determination of Myoglobin
Derivatives

Relative percentages of MbO, and

MetMb were determined by the method
of Broumand et al. (1958). A 5 ml
sample was centrifuged at 600g for 5
min. and subjected to spectro-
photometric readings at 475, 507,
573 and 597 nm with the percentages
of MbO, and MetMb being computed




using the method of Broumand et al.
(1958).

Statistical Analysis

The data were analyzed statistically
using a factorial and complete block
design as outlined by Steel & Torrie
(1980) in order to partition the
influence of the variables (rigor
state, pH values, subcellular
organelles, salt concentrations) and
their interactions. The storage
periods were treated as blocks for
analysis of variance. The
significance between mean
differences was determined by using
either Tleast significant difference
(LSD) or by Duncan’s multiple range
test as explained by Duncan (1955).

RESULTS AND DISCUSSION

Data in Table 1 demonstrate that the
sarcoplasmic extract from post-rigor
meat contained significantly more
MbO, and less MetMb than that from
pre-rigor meat (P < 0.05). This is
surprising in view of the fact that
Torres et al. (1988) found a higher
proportion of MbO, in pre-rigor
salted than in post-rigor salted
meat. The low percentage of MbO, in
the pre-rigor sarcoplasmic extract
may be associated with the sustained
demand for oxygen by the
mitochondria, since the electron
transport system of mitochondria in
the sarcoplasmic extract from pre-
rigor meat is 1likely to be
potentially active (Andrews et al.,
1952; Saleh & Watts, 1968).

Influence of pH

The sarcoplasmic extract adjusted to
pH 5.4 contained a significantly
higher percentage of MbO, (P <
0.05), and a lower percentage of Mb
than the sample adjusted to pH 7.4

(Table 1). This agrees with
Cornforth & Egbert (1985) who
observed high "a" values (redness)
for minced beef at low pH. In the
present study, however, the
proportion of MetMb was not

significantly influenced (P > 0.05)
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by pH. These observations are ai
variance with the general Conceﬁy
that oxidation of Mb is direct
related to pH in the range of 5 t0

(Brown & Mebine, 1969).

The decrease in the affinity o;
oxygen for haem with decreasing %
values is called the "Bohr effeca
(Perutz, 1970), which is based Oﬂon
allosteric interaction of haem”rn,
(active center) and the prot%'
binding site (allosteric centél’;
Depending on the degree
dissociation of the proton-biM
site, the protein moiety of ham
acquires one of two conformat‘oﬂ
(T- or R-state), which differ,
their oxygen affinity (A“t°”1"mat
Brunori, 1971). It is propose 11ty
a high pH may enhance the stab1the
of the salt bridge between_dme
protonated imidazole of hist] cid
and carboxylate of the aspartic %,

dind

residue, and hence stabilizes %)’
deoxy- relative to the &gh
conformation of haem. ken

concentration of protons may Wel .
the bond between oxygen and
thereby facil
dissociation of oxygen ris
myoglobin  (Antonini & Brun? .
1971). Moreover, the rate of ha®;
globin. dissociation at Tow P"
reported to be higher thal .
physiological pH (Gotoh & ShiK
1974).

iron,

ye
A1l these observations may hold Egm
for a pure myoglobin SYS",f
However, the interactions pe
different organelles in an
sarcoplasmic extract may havembw
important bearing on the i
concentration, and thus rof
characteristics may deviaté . ror
that in pure solution. thﬂ
instance, it has been reported *f

the respiratory activity oni¢
mitochondria in the sarcop®pe
extract increases upon raising 535
pH from 5.1 to 7.1 (Lawrie, is 12
Stewart et al., 1965). If th g
so, then the sarcoplasmic extrd




i
%%EEH is 1ikely to be depleted of
M Moo, This may lead to a decrease
thhy 2 levels and an
(hp) Percentage of deoxymyoglobin
Mt he greater proportion of Mb
l4 ¢ sarcoplasmic extract at pH
) 2 Comparison to pH 5.4 (Table
HNmVe#bStantiates these  views.
)y, L the pH effect accounted for
Mboout 3% of the variation in
2 level of the sarcoplasmic

increase in

act

Uy

Tl*@igéis of _ Mitochondria _ and
i

TameS apparent from the data in

‘ E“*act ‘that the sarcoplasmic
'Shey, Maintained a significantly
a%@nc Percentage of MbO, in the
?qﬁSOm of both mitochondria and
. Vigy o> This is understandable
| Qoxidaof the fact that cytochrome
rhyme &, which is the terminal
1 Pirgy, OF  the  mitochondrial
theduC°ry chain, requires oxygen
| w° t1§ 4 electrons from the chain
ptep M3Lely  form 2 molecules of
ff”eb ﬁunori et al., 1975),
rn].”rl1at]-0n"”n1m121'ng oxygen radical
dsochond'- Thus, the presence of
&aMEt E‘a would be expected to
tJhop]aS '€ oxygen level in the
oy Téé egtract and w%u1d &ggd
Ca uction in the
B Sion.  The data for th

)
Qw mjgaar organelles (mitochondria
t Jecti:somes) suggests that they

Vaps S1Y account for only 7% of
2$% ?mai1on in the percentage of
tg, the . he sarcoplasmic extract.
mDeratuamD1es were stored at Tow
o, "e  (4°C) in the present
b 17y e activity  of  the
inp SMal ] " organelles is likely to

lent . o than would occur at
\ EMperature.

N dgiasa]t Concentration
Mdm“trat shown in  Table 1
2 sig € that salt concentration
Witﬁboz pmﬁcant effect (P < 0.05)
N%] 1nmfrcgntage, which decreased
in ' casing concentrations of
€ sarcoplasmic extract.
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Salt concentration accounted for
about 11% of the variation in the
percentage of MbO,. The percentage
of MetMb increased with increasing
salt levels, but the Mb percentage
remained relatively constant. This
agrees with the findings of Wallace
et al. (1982) and Caughey &
Kamanishi (1983) which indicated
that certain anions (C17, CN7, N3)
increase the rate of oxidation in
MbO, . Possibly, these anions bind
to haem-iron and change its redgx
potenEia] to favor oxidation of Fe¢t
to Fe®*, or they.may preferentially
stabilize the Fe3* relative to the
Fe¢t state of haem-iron. It is
emphasized that to a Tlarge extent
the oxidation rate of haem-iron
depends on the concentration and
nucleophilic characteristics of the
anions. Thus, chloride, being the
least nucleophilic ion, would be
required in a high concentration to
affect the reaction. On the other
hand, a high concentration of NaCl
(5%) would inhibit the MetMb-
reducing activity of the meat
system, thus favoring formation of
MetMb (Stewart et al., 1965).

These inferences are contrary to
that reported in a recent paper by
Torres et al. (1988), which showed
that the addition of salt helped to
maintain the desirable red color in
pre-rigor minced beef, whereas, the

unsalted sample rapidly lost its
characteristic red color. It should
be pointed out, however, that the

discrepancy in the behavior of MbO,
with the results of Torres et al.
(1988) could be due to differences
between an intact meat system and an
isolated system of meat organelles.

The results of the present study
suggest that salt per se does.
promote oxidation of MbO, at Tow
pH. However, 1in pre-rigor minced
meat as studied by Torres et al.
(1988) the beneficial role of salt

in maintaining the desired color may
possibly be related to its ability
in suppressing the growth of aerobic




psychrophilic bacteria (Robach &
Costilow, 1961), mainly fluorescent
pseudomonads (Silliker et al., 1958;

Lin, 1973), which cause depletion of
oxygen and lead to color
deterioration (Kraft & Ayres, 1952;

Butler et al., 1953).

The present study indicated that the
sarcoplasmic extract from post-rigor

meat contained more Mb0O, and less
MetMb than that from pre-rigor
meat. The Tow pH of the

sarcoplasmic extract from the post-
rigor samples seems to account for
this difference since the
sarcoplasmic extract from post-rigor
meat adjusted to pH 7.4 had a lower
percentage of  MbO, than the
sarcoplasmic extract maintained at
pH 5.4. The presence of subcellular
organelles (mitochondria and
microsomes) in the sarcoplasmic
extract at high pH significantly
influenced the proportion of MbO,
and MetMb but at a Tow pH the1r

presence had little affect.
Possibly the mitochondrial and
microsomal enzymes that effect

myoglobin derivatives become active

at high pH, but at Tow pH their
activity is inhibited. With
increasing salt concentrations at
low pH the Tevel of MetMb in the
sarcoplasmic extract increased and
that of MbOZ decreased
proportionately. This may partly be
due to the catalytic action of

chloride ion in promoting oxidation

of Mb0, to MetMb, and partly due to
inhibiting the MetMb-reducing
activity of the sarcoplasmic
extract. In general, the percentage
of Mb0, in the sarcoplasmic extract
was %igh]y dependent on  the
interaction of pH, salt
concentration and subcellular

organelles of the muscle.

CONCLUSIONS

Results indicated that the
sarcoplasmic extract (SPE) from both
pre- and post-rigor meat adjusted to
pH 5.4 contained more Mb02 than that
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maintained at pH 7.4. The pres”z
and absence of mitochondrid d
microsomes in the SPE at pH 3: ﬁ
little effect on percentad® £he
MbO, At pH 7.4, however’ tW
proport1on of MbO, decreased 1M he
SPE containing microsomes. Mew
amount of Mb0, decreased and
increased with increasing

concentration and with lengt

storage in the SPE from botm ﬁ
and post-rigor meat. : of
suggested  that  depression mw

microbial growth may be a mec col?
by which salt stabilizes the “y

in pre-rigor meat rather t %u1f
enzymic effects of  subce
organelles.
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S
Table 1. Mean values showing effects of rigor, pH, subcellular orga”?He

and salt concentration on percent of myoglobin derivatives 1"
the sarcoplasmic extract from beef muscle.

Mean Percent of Myoglobin Forms
Variables Mb02 MetMb Mb

Rigor state (N=120)

Pre-rigor 62.6 26.0 11.4
Post-rigor 64.0 28.1 7.9
5-.E. 0.54 0.36 0.20
pH values (N=120)
pH 5.4 65.0 27.18 7.9
pH 7.4 60.6 27.0° 12.4
S, 0.54 0.36 0.20
Subcellular organelles (N=80)
Mito. + Micro. present 58.3 30.1 16
Only micro. present 63.0 28.4 8.6°
Both absent 68.6 22,7 8.72
S.E. 0.67 0.44 0.25
Salt concentrations (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% oF.6 31.4 11.0
NUE 0.77 0.50 0.29
Storage periods (N=48) b
0 hours 66.44 23.3 10.3/
24 hours 65.72 27.0P 10.3
48 hours 62.8P 26.0P 8.0
72 hours 62.40 28.3 9.3
96 hours 59.5 30.6 10.2
S.E. 0.86 0.56 0.32

Mean values with the same letters within a column are not
significantly different (P>0.05) from each other.
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