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Temperature and pH Dependence of the Autoxidation Rate of
Bovine, Ovine, Porcine, and Cervine Oxymyoglobin Isolated
from Three Different Muscles—Longissimus dorsi, Gluteus

medius, and Biceps femoris
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This study examined the temperature and pH dependence of the in vitro autoxidation rate of bovine,
ovine, porcine, and cervine oxymyoglobin that had been isolated and purified from three muscles of
different oxidative stability—Longissimus dorsi, Gluteus medius, and Biceps femoris. To avoid obtaining
unreliable estimates of autoxidation rate as has occurred in many previous studies, in this study,
precautions were taken to eliminate the effects of freezing, chemical reduction with hydrosulfite, and
contaminating metal ions on the reaction rate. When these precautions were taken, the rate constants
for the different myoglobins studied were similar to each other but were 2—7-fold lower, and the Ea
(activation energy) was 20—100% higher than that reported in most previous studies. The type of
muscle the myoglobin was isolated from had no effect on the reaction rate or the Ea; however, the
species did have a significant effect (p < 0.05) with porcine myoglobin having a 10% lower reaction
rate and a 20% lower Ea than myoglobin from the other species. Increasing the reaction pH from
5.50 to 6.50 produced an exponential increase in reaction rate but only a small curvilinear change in
Ea that had a maximum at pH 6.00.

KEYWORDS: Myoglobin; autoxidation; ovine; bovine; porcine; cervine; temperature dependence; muscle
type; pH

INTRODUCTION different mammalian species have been known for many years
510, 11). Moreover, differences in amino acid composition of

myoglobins from different species has also been well-established
§12-15). In particular, it has been demonstrated that various

Research over the last 20 years has shown that there is up t
a 12-fold difference in the rate at which myoglobin oxidizes in
postmortem mammalian muscles depending on the species an N . . X
muscle type I—3). One explanation for this difference is that tuna myoglobins, in contrast to mammalian 'myog'loblns, contain
the myoglobin from different muscles and different species €€ Sulfhydryl groups that could potentially influence the
oxidizes at different rates. For example, research on myoglobin My0globin oxidation rate (1617).
from different marine animals has shown that there are differ- ~ Although there are a number of differences between different
ences in oxidation rate of the myoglobins from different species myoglobins, most of the properties of myoglobin are conserved.
(4). Similarly, more recent research on myoglobin from different For instance, early X-ray analyses on myoglobin from different
bovine muscles also indicates that there are differences inspecies indicated that tertiary structures for different myoglobins
oxidation rate of myoglobins from the different muscle types are essentially the sam&Q, 18). Also, the functional properties
(5). of tuna myoglobins, including a high affinity for oxygen, are

These differences in oxidation rate of myoglobin from similar to each other and to that of mammalian myoglobins
different muscles and different species are not surprising since(19—21).
it is well-established that there are structural and chemical There are other possib|e reasons for the different rates at
differences between myoglobin from different soureg$¢-9). which myoglobin oxidizes in postmortem mammalian muscles
For example, differences in crystallographic, immunological, that are related to intrinsic properties of the muscles. For
and electrophoretic behavior among various myoglobins from example, different concentrations of endogenous antioxidant
(ascorbate and carnosin22(), uric acid 23), carotenoids, and
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as superoxide dismutase and glutathione peroxidase), which carat 10°C myoglobin oxidation rate was so slow that even after 72 h
reduce oxidized myoglobin, will also affect the rate at which meaningful kinetic parameters could not be calculated at high pH. The
myoglobin oxidizes in postmortem muscle (26). autoxidation rate was determined at the three different temperatures

Nevertheless, it is unclear whether the structural differences SO that the activation energy (Ea) could be calculated for each of the
between myoglobins are reflected in different autoxidation 12 TY0dlobin types at the three different pH levels,

" o fth bl f trving t late historic i Myoglobin oxidation rate was determined at a myoglobin concentra-
properties. Une of the problems of rying 1o refate istonc In ., o 1 0 mg/mL in 10 mM phosphate buffer containing’® DTPA

vitrp aqtoxidation_ rates of different myoglobins_ to the gutoxi- and 0.14M catalase at predetermined pH levels (5.50, 6.00, and 6.50)
dation in muscle is that results obtained in earlier studies needand temperatures (20, 30, and %D). The DTPA and catalase were
to be interpreted cautiouslyt(7, 27). The reason for this is  added to eliminate the possible effect of contaminating metal ions and
that numerous factors that were not considered in earlier byproducts of oxidation on the autoxidation rad®). Prior to the start
myoglobin studies have since been found to have a substantialof the reaction, the purified myoglobin (2.0 mg/mL) and 20 mM
effect on the rate of myoglobin autoxidation. The most important Phosphate buffer (pH 5.50, 6.00, or 6.50) containing:A0 DTPA

of these factors includes the use of sodium hydrosulfite to reduce@nd 0.2 uM catalase were separately incubated at the required
myoglobin that has been oxidized during purification (8), emperature (either 20, 30, or 4€) in 1.0 cm path length plastic
freezing myoglobin or the muscle myoglobin is extracted from cuvettes (Banksia Scientific). To initiate the reaction, 1.5 mL of

L . . . phosphate buffer (containing DTPA and catalase) and 1.5 mL of purified
(8, 28), and contamination of myoglobin preparations with metal ;" o' hiv o d'in the cuvettes.

ions (29,30). Hence, to obtain reliable estimates of myoglobin  he autoxidation rate of myoglobin was monitored by measuring
oxidation rates, it is important that these effects are eliminated. the decrease in absorbance of reduced myoglobin (at 572 nm corrected
Therefore, the objective of this study was to determine the for turbidity measured at 730 nm2%). Absorbance was measured at
in vitro autoxidation rate of myoglobin isolated from three 15 min intervals using a CARY UV—Vis spectrophotometer equipped
muscles of different oxidative stability: higtLongissimus dorsi with a 12 cell, temperature-controlled sample holder (Varian Pty Ltd.,
(LD); intermediate-Gluteus mediu§GM); and low—Biceps  Australia). _ _ _
femoris(BF); and from four different species (ovine, porcine, _Th_e flrst-or_der_rate constant (kﬁ)_was determ'lned using the Varlgn
bovine, and cervine). To ensure that reliable estimates of Klnetlgs Application software (version 3.1)_, which aIIowz_ed interactive
. S . . selection of the data range. To ensure reliable calculations of the rate
myoglobin aut0X|d§1t|0n rate were obtained, precgutlons were constant, the initial (§ and the final absorbance {values that were
taken as follows: (i) the muscles used for myoglobin extraction ¢4cylated using this technique were compared to the literature values
and the purified myoglobin were not frozen, (ii) an extraction fqr myoglobin at 1.0 mg/mL (4= 0.60; A, = 0.18 (31)).
and purification technique was used that prevented autoxidation calculation of Ea. The Ea of myoglobin was determined at pH
of myoglobin during purification and the need for chemical 5.50, 6.00, and 6.50 over a range of three temperatures (i.e., 20, 30,
reduction with hydrosulfite2b); the interference of contaminat- and 40°C) using the Arrhenius equation (32)
ing metal ions and autoxidation products was eliminated by
using a chelating agent (DPTA [diethylenetriaminepentaacetic log(k/k;) = Ea/(2.303x R) x ((T, — T)/(Ty x Tp))
acid]) and catalase, respectively (30).
wherek; = rate constant value of myoglobin at temperature 1 (K);h
MATERIALS AND METHODS k. = rate constant value of myoglobin at temperature 2 (K);iEa=
activation energyR = gas constantT; = temperature 1 (K)T, =
Materials. All chemicals used in this study were of the highest grade temperature 2 (K).
available commercially and were used as received without further Experimental Design. The design used for the experiment was a
purification. All solutions were prepared with deionized and gIaSS- Comp|ete 4x 3 factorial with four Species (bovine’ porcine' Ovine’
distilled water. Catalase from bovine liver (Slgma) was obtained and Cervine) and three muscle types (LD’ GM’ and BF) The effect of
commercially as a crystalline suspension and was resuspended in bufferpH (5.50, 6.00, and 6.50) and temperature (20, 30, andCG)Owas
immediately prior to analysis. The muscles used in this Study were determined by using a Sp||t_p|0t for each musm)( Because the
obtained from commercially produced and slaughtered animals of nymper of samples to assay in the experiment was greater than the
similar physiological maturity (the approximate age of the four species numper of cells in the spectrophotometer, a randomized incomplete
was as follows: porcine, 6 months; bovine, 14 months; ovine, 6 months; plock design was used, which also took into consideration possible
and cervine, 12 months). The muscles were obtained 18 h postmortemygyiations in the two light sources in the spectrophotomei@).(The

after they had cooled to 3C and were stored at 8C in oxygen- experiment was carried out in duplicate.

permeable poly(vinyl chloride) bags until the myoglobin was extracted  pata Analysis. Data were analyzed by analysis of variance

and purified (within 24 h). (ANOVA) using the generalized linear model procedure (SAS [SAS
Myoglobin Extraction and Purification. Immediately prior to Institute Inc., 1994]). When ANOVA showed significant treatment

extraction, the surface of each muscle was trimmed to remove any effects (p< 0.05), mean separations were carried out using the least
surface muscle that could contain oxidized myoglobin, and 600 g of sjgnificant difference test of SAS (34).

the trimmed muscle was used to extract and purify the myogld&shn (

This method produces high purity 86%) reduced myoglobir/{(98% RESULTS AND DISCUSSION

oxy form) within 48 h. If necessary, the myoglobin was concentrated

to 2.0 mg/mL (by ultrafiltration under an oxygen atmosphere [400 kPa] ~ Autoxidation Rate of Myoglobin. ANOVA of the data

using a low-binding, 10 000 MW cutoff filter [Millipore]). It was then ~ showed that there was no effegt ¥ 0.05) of muscle type on

filter-sterilized and stored in a sealed glass tube &€ (n the absence the autoxidation rate of myoglobin for any of the four species

of light and used within 1 week of preparation. The concentration and stydied (Table 1). These results are in contrast with those

filtration methods had no adverse effect on the myoglobin oxidation previously obtained using% NMR, which indicated that there

rate (25). - o . was a difference in autoxidation rate of myoglobin isolated from
Myoglobin Autoxidation. The autoxidation rate of myoglobin two different bovine muscle$). No previous studies other than

purified from muscles from each of the four species and three muscle this h h ffect of le t lobi
types was measured at three pH levels (pH 5.50, 6.00, and 6.50) and IS have shown any effect of muscie type on myogiobin

at three temperatures (20, 30, and°@). The pH conditions used in  @utoxidation rate.

this study are similar to those found in postmortem musthe Analysis of the results also showed that there was an effect
temperature conditions used are much higher than refrigerated tem-Of species on the myoglobin autoxidation rafalfle 1). Porcine
peratures; however, lower temperatures could not be used because evemyoglobin had a significantly lower autoxidation rate than
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Table 1. Autoxidation Rate Constants (k, h=%) of Myoglobin from T 7
Porcine, Bovine, Ovine, and Cervine; LD, GM, and BF muscles 071! —#—pt | pORCINE ‘
Averaged over pH and Temperature? o | T L
rate constant values (k, h~1) § N <
L £
muscle type E . 2
P ]
species LD GM BF mean 5w é
porcine 0.155% 0.150% 0.161% 0.1552 o !
bovine 0.1800% 0.178% 0.1790% 0.179° o ‘
ovine 0.179b% 0.1810x 0.168b* 0.176° T . ‘ J ‘
cervine 01700 0.1700 0.168" 0.169° oooEo0 o 0B oW w0
mean 0.171% 0.170% 0.169* 0.170 TEMPERATURE (°C) TEMPERATURE ('C)

@aand b in the same column with different superscripts are significantly different
(p <0.05). X, y, and z in the same row with different superscripts are significantly
different (p < 0.05).

CERVINE

myoglobin from any of the other species {0.01). Although

an effect of species on myoglobin autoxidation rate has not been

shown previously for mammalian myoglobin, differences have

been shown to occur with myoglobin from different marine ol

animals (4) 20 25 30 35 40 20 25 30 35 40
There was a consistent effect of pH on the myoglobin TEMPERATURE (C) TEMPERATURE (C)

au_toxidation rate for the different species and temperatures Figure 1. Effect of pH and temperature on autoxidation rate (k, hr—2)

(Flgu_re 1). The values for the rate constant, averaged over orcine, bovine, ovine, and cervine myoglobin (averaged over muscle

species and temperature, at pH 5.50, 6.00, and 6.50 were 0.28 pe).

0.156, and 0.062, respectively. Hence, for all species, the

autoxidation rate of myoglobin was very pH-dependent and Taple 2. Ea of Porcine, Bovine, Ovine, and Cervine Myoglobin at pH

decreased by approximately 50% for each 0.5 unit increase in550, 6.00, and 6.50 Averaged over Muscle Type3®

pH. This effect of pH is very similar to that reported by previous

Rate Constant (k, hr")
Rate Constant (k, hr')

of

researchers over a similar pH range (35—37). Ea

There was a large but inconsistent effect of temperature on pH
the autoxidation rate of the different myoglobins (Figure 1). species 5.50 6.00 6.50 mean
W|th.the bovine, ovine, and cervine myoglobin, the gutomdatlon norcine 1006 10433 97 72 10092
rate increased by approximately 5-fold for every’@increase bovine 116.0% 126.99 117.9b¢ 120.30
in temperature. The Q10 values averaged over pH for these three  ovine 114.5% 120.0% 124.8% 119.9
different myoglobins were similar and ranged from 4.67 to 4.89.  cewine 119.4% 1248 118.5% 120.9°

In contrast, with porcine myoglobin, the effect of temperature ™" 126" 119.0° 148 1155

was much smaller—the Q10 value was 20% lower at 3.77. - — - — -
This effect of temperature on the autoxidation rate of bovine @a and b in the same column with different superscripts are significantly different
. . .. - . ' (p<0.05). b x, y, and z in the same row with different superscripts are significantly

ovine, and cervine myoglobin is similar to that previously uorent (b < 0.05)

reported for bovine myoglobir®). However, the smaller effect

of temperature on the autoxidation rate of porcine myoglobin with myoglobin from the other three species (100 cf. 120).

has not been reported previously. Moreover, when averaged over species, pH had a curvilinear
The myoglobin autoxidation rate was also affected by an effect on Ea with a maximum at pH 6.00. The specighl
interaction between species, pH, and temperatbigute 1). interaction resulted from the fact that the Ea of the ovine

This interaction was such that the autoxidation rate of porcine myoglobin increased approximately linearly with increasing pH,
myoglobin increased less with increasing temperature at pH 5.50in contrast to the curvilinear increase in Ea exhibited by
and 6.00 (but not at pH 6.50) than myoglobin from the other myoglobin from the other three species.
three speciesHigure 1). The differential effect of pH on the While researchers agree that the autoxidation of myoglobin
temperature dependence of the autoxidation rate for the myo-is pH-dependent, the effect of pH on the Ea of myoglobin is
globin from different species is most likely related to the not so clear. For example, earlier studies fouBé, @0) that
differential ionization of three protonatable groups involved in the Ea for the autoxidation of myoglobin increased ap-
autoxidation. It has been theorized that the effect of pH on proximately 4-fold as the pH decreased from 6.44 to 5.35.
myoglobin autoxidation rate, and subsequently the interaction However, later studies showed different effects. For instance,
between pH and reaction temperature, can best be explainetbne subsequent study found that the Ea of myoglobin was
by an “acid/base-catalyzed three states mo88).(This model relatively constant in the pH range of 5:00.0 (38) while
involves the catalytic role of the hydrogen ion on the distal another study showed that the Ea was relatively constant in the
histidine and two dissociatable side groups, most likely carboxyl pH range of 5—7 but there was considerable variation in the
groups, in the heme pocket. Ea outside this pH rang). This large variation in the effect
Ea. Both species and pH had a significant effect on the of pH on Ea is most likely related to the method of myoglobin
myoglobin Ea p < 0.01); however, there was also a significant preparation and the procedure used for measuring the autoxi-
(p < 0.01) interaction between species and fidlfle 2). The dation rate, as is discussed in the following section.
species effect occurred because porcine myoglobin had an Ea  Comparison with Previous Studies.The rate constants and
(averaged over pH) approximately 20% lower than that obtained activation energies for bovine myoglobin at pH 6.00 andG0
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Table 3. Comparison of Results from the Present Study with Literature Values for Rate Constants (k) and Ea for the Autoxidation of Oxymyoglobin
from Several Different Bovine Muscles and Marine Animals

source of oxymyoglobin oxymyoglobin conditions
k Ea temp [buffer]
species muscle (=1 (kj/mol) (°C) pH (M) authors
bovine BF/GM 0.210 99.2 30 5.70 0.6 Snyder and Ayres, 1961
GM 0.077 116.5 30 6.00 0.1 present study
BF 0.079 117.9 30 6.00 0.1 present study
PMm2 0.294 100.1 30 6.00 0.1 Renerre et al., 1992
PM 0.096 96.0 31 6.00 0.1 Foucat et al., 1994
heart 0.288 30 7.30 0.6 Anderson et al., 1988
heart 0.004 30 7.30 0.05 Gunther et al., 1999
heart 0.058 30 6.00 0.05 Gunther et al., 1999
LD 0.294 100.1 30 6.00 0.1 Renerre et al., 1992
LD 0.072 104.0 31 6.00 0.1 Foucat et al., 1994
LD 0.078 118.0 30 6.00 0.1 present study
0.515 58.2 30 5.90 0.1 Brown and Dolev, 1963a
0.093 75.4 30 5.70 0.6 Brown and Dolev, 1963a
0.330 30 5.70 0.6 Snyder and Skrdlant, 1966
sperm whale 0.080 100.5 22 5.78 04 Brown and Mebine, 1969
0.180 136.5 40 7.00 0.1 Livingston et al., 1986
yellow fin tuna 0.180 100.5 22 5.90 04 Brown and Mebine, 1969
0.500 104.7 40 7.00 0.1 Livingston et al., 1986
tuna 0.148 83.3 30 5.90 0.1 Brown and Dolev, 1963a
0.175 77.9 30 5.90 0.2 Brown and Dolev, 1963a
0.152 91.7 30 5.90 0.6 Brown and Dolev, 1963a
pacific green sea turtle 0.160 111.0 40 7.00 0.1 Livingston et al., 1986

2PM = psoas major.

for the bovine myoglobin from the three different muscles in ~ The results of the present study agree well (approximately
this study are shown ifiable 3. For comparison, the table also  25% lower) with those obtained previously using bovine
includes the values from earlier studies (under the same myoglobin extracted from cardiac muscl87). This good
conditions where possible) that have used myoglobin from agreement is due to the fact that the procedures used for
different bovine muscles and also values for myoglobin from determining the rate constant were the same in both studies.
marine animals where species effects on myoglobin oxidation importantly, this is the only other study reported in the literature
rate have been observed. that has used nonchemically reduced myoglobin and also
The results inTable 3 highlight the large range in values removed the interfering effect of contaminating copper and iron
reported for the rate constant of bovine myoglobin. Many of jons by chelating them with DPTA.
the earlier rate constants reported for bovine myoglobin afé 2 The results from the present study also agree well with the
fold higher than those reported in the present study. There are, o4 its previously obtained using myoglobin extracted from
in effect, two categories of results. In the first category are the bovine LD and PM Psoas major) muscle (5). Interestingly
earlier studiesZ, 6-8, 29, 35, 39—41) that used myoglobin 4 *\hile the rate constant obtained in this study with
that had been either chemically reduced with hydrosulfite, myoglc;bin from the LD muscle is virtually identical to that

previously frozer_1, o used W'th.OUt removing or eliminating the obtained with myoglobin obtained from all bovine muscles in
effect of contaminating metal ions. In the second category are _, . . .
. this study, the value obtained by these researchers for myoglobin

the more recent studies (30, 37, and the present study) that from the PM muscle was approximately 20% higher. The most

attempted to eliminate some or all of the detrimental factors likely reason for the hi herpvpalue obtai)rlled with%n o. lobin for

affecting myoglobin autoxidation that had been ignored in the th I):/’M | th gt i tak y 'gth t stud
studies in the first category. The values for the rate constants € musche waf? a r;o precautions were ale_n n tha Srl: y

reported in studies in the first category are Btimes higher ~ [© Prevent the efiect of contaminating metal ions on the
than those reported in studies in the second category. autoxidation rate. Failure by these researchers to take this
precaution could explain the differences they observed in the

The higher myoglobin oxidation rates in the earlier studies i tants bet lobin f the diff i |
are consistent with subsequent research in this area. For examplé,a € constants between myoglobin from the difterent muscie

Brown and Dolev 7) showed that freezing myoglobin increases types. This is because the_r e can be &ao.% variation in the
its autoxidation rate, as was subsequently shown, because ofate constant of myoglobin isolated from different muscles (even

freeze denaturation of the myoglob#2). Similarly, it has been  T0M the same muscle type) if the effect of contaminating metal
shown that reduction of myoglobin with hydrosulfite increases 10nS is not removed by chelating with DPTRQ).
the autoxidation rate of myoglobin because of the interaction ~ The other point highlighted iTable 3 is the difference in
between myoglobin and the products from the reaction betweenmyoglobin oxidation rate between different marine animals
hydrosulfite and myoglobin4@). More recently, it has been  within a given study. These studies have shown that there are
shown that trace levels of copper and iron increase the several orders of magnitude difference in autoxidation rate of
myoglobin autoxidation rate by catalyzing the reacti8i)( myoglobin isolated from different marine specie4, @).
Importantly, the rate constants obtained with bovine myo- However, it is not clear if the same differences in autoxidation
globin in this study agree well with those reported in the more rate between species would have been observed if the research-
recent studies that have not used chemically reduced oxymyo-ers had used conditions similar to those in the present study
globin (5, 37). that eliminated artifactual results.
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The values for Ea inTable 3 show that there is a large
variation (approximate 2-fold) in the values previously reported
for the Ea of bovine myoglobin. This result is particularly
surprising since although it is well-established that the method
for isolating and purifying myoglobin and determining autoxi-
dation rate can affect the rate constant, it would be expected
that the effect of temperature on reaction rate would be fairly
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(6) Brown, W. D.; Dolev, A. Autoxidation of beef and tuna
oxymyoglobins.J. Food Sci.1963a,28, 207—210.

(7) Brown, W. D.; Dolev, A. Effect of freezing on autoxidation of
oxymyoglobins solutions]. Food Sci.1963b,28, 211—-213.

(8) Brown, W. D.; Mebine, L. B. Autoxidation of oxymyoglobins.
J. Biol. Chem.1969,244, 6696—6701.

(9) Livingston, D. J.; Brown, W. D. The chemistry of myoglobin
and its reactionsFood Technol1981,35, 244—252.

similar across different studies. As this is not the case, the results (10) Kendrew, J. C.. Parrish, R. G.; Marrack, J. R.; Orlans, E. S.

in Table 3 indicate that there is an interaction between the
myoglobin preparation technique and temperature, which affects
the autoxidation rate of myoglobin. This interaction will in turn
influence the Ea of the reaction since Ea is a measure of the
temperature dependence of the reaction.

Although, in general, the more recent studies show more
consistent values for Ea than the earlier studies, the values
obtained in the present study are stilF280% higher than those

previously reported, even those reported in recent studies. The

reason for this is unclear. However, the present study is the
only study reported in the literature that has determined the Ea
of myoglobin using techniques that completely prevents arti-
factual results. As this is the case, the Ea values for myoglobin
reported in this study can be regarded as the most reliable in
vitro values reported to date. This ascertain is further supported
by the fact that the Ea values for the four different myoglobins
used in this study were very reproducible since the standard
error for the Ea for each myoglobin type was low (ca. 1.0).
The low standard error indicates that within a species there was
very little variation in the Ea for different myoglobin prepara-
tions used in this study. It has been previously shown that the
procedures used in this study for preparing myoglobin and
measuring autoxidation rate produce more reliable and repro-
ducible estimates of the rate constant, which presumably also
results in more reliable and reproducible estimates of the Ea
(30).

CONCLUSION

This study has shown that muscle type and species have little
effect on myoglobin autoxidation rate and Ea. The study has
also shown that to obtain consistent and reliable estimates of
the autoxidation rate of myoglobin it is essential to use pro-
cedures that avoid the use of sodium hydrosulfite and freezing
during myoglobin isolation and purification and to eliminate
the effect of contaminating copper and iron ions during analysis.

Unless such procedures are used to prevent artifactual results,

The species specificity of myoglobiNature 1954,174, 946—
949.

(11) Perkoff, G. T.; Tyler, F. H. Estimation and physical properties
of myoglobin in various speciebletabolisml958 7, 751—759.

(12) Boardman, N. K.; Adair, G. S. Letter to the Editor: Isolation of
two myoglobins from horse-heart extracts and the determination
of the molecular weight of the main componeN&ature 1956,
177, 1078—1079.

(13) Konosu, S.; Hashimoto, K.; Matsuura, Bull. Jpn. Soc. Sci.
Fish. 1958,24, 563—567.

(14) Kendrew, J. C. Structure and function in myoglobin and other
proteins.Fed. Proc.1959,18, 740—751.

(15) Rumen, N. M. Amino acid composition of seal myoglobin I.
Acta Chem. Scand.960,14 (5), 1217—1218.

(16) Brown, W. D. Properties of tuna and other myoglobiRed.
Proc. 1961,20, 381—382.

(17) Brown, W. D.; Martinez, M.; Olcott, S. Sulfhydryl groups of
tuna myoglobins and haemoglobins, whale haemoglobin, tobacco
mosaic virus, and ovalbumid. Biol. Chem1961,236, 92-95.

(18) Scouloudi, H. The myoglobin moleculdature1959 183 374—

376.

(19) Rossi-Fanelli, A.; Antonini, E. Studies on the oxygen and carbon
monoxide equilibrium of human myoglobirch. Biochem.
Biophys.1958,77, 478—492.

(20) Rossi-Fanelli, A.; Antonini, E.; Giuffre, R. Oxygen equilibrium
of myoglobin from Thunnus thynnu$lature 1960,186, 896—
897.

(21) Matsuura, F. K.; Hashimoto, K.; Yamaguchi, K. Studies on the
autoxidation velocity of fish myoglobirBull. Jpn. Soc. Sci. Fish.
1963,29, 1005—1012.

(22) Decker, E. A.; Crum, A. D. Inhibition of oxidative rancidity in
salted ground pork by carnosing. Food Sci.1991,55, 1179.

(23) Smith, R. C.; Nunn, V. Prevention by 3-N-Ribosyluric acid of
the oxidation of bovine haemoglobin by sodium nitrifach.
Biochem. Biophysl984,232 (1), 348.

(24) Yang, A.; Larsen, T. W.; Tume, R. K. Carotenoid and retinol
concentrations in serum, adipose tissue and liver and carotenoid
transport in sheep, goats and catéeist. J. Agric. Resl1992,

43, 1809.

the rate constant for the reaction will not only be overestimated (25) Trout, G. R.; Gutzke, D. A rapid method for isolating and

by 2—7-fold but also the temperature and pH dependence of
the reaction will also be incorrectly characterized.
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