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Microsomal Lipid Peroxidation in Relation with Oxidation of Bovine Myoglobin
M. ANTON, P. GATELLIER AND M. RENERRE.
Meat Research Station, INRA, 63122 Ceyrat, France.

SUMMARY
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The aim of this experiment was to appreciate with two bovine muscles different from the viewpoint of colour stability ( LD/  4gfi0f
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relationships between microsomal lipid peroxidation and myoglobin oxidation. It was shown that enzymic microsomal lipid P ’
X1e

Ame ©
(TBA Test ) in presence of cofactors, generated oxygen radicals which increased myoglobin oxidation (DO 580 nm) at the sam® n fro”

the two muscles. Fluorescence decay, used as a test of tryptophan loss, was more prononced with microsomes extracted from PM ox'id"
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LD. The inhibitory effect of SOD and Vit.E on myoglobin oxidation and lipid peroxidation were confirmed and participation of -dafW
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anion underlined. For nonenzymic catalysis, it was observed that metmyoglobin activated by hydrogen peroxide enhanced lipid P°

at the same extent for the two muscles.

INTRODUCTION

The autoxidation of unsaturated lipids in meats results in significant deterioration in quality characteristics such as colour, flavor Iexwri: /
nutritive value and safety. Phospholipids are the primary contributors to lipid oxidation and warmed-over flavors (WOF) dCVClopmem
and cooked meats. Furthermore the ability of hematin and heme proteins, such as myoglobin, to promote lipid peroxida[ion haes gt
demonstrated. Significant amounts of superoxide radical has been proved as generated by different organelles as microso'mﬂ joo
mitochondria in muscles tissues or by autoxidation of molecules such as oxymyoglobin (MbO2) (Gotoh & Shikama,1976) and 0 o (0
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can cause or initiate lipid peroxidation in meat. It has been reported that enzymic microsomal lipid peroxidation might be 17 P b
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Initiation process (Rhee et al; 1986). These enzymic systems catalyse the oxidation of microsomal fractions in the presence of ¢ s
_enZB’
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as NADPH, ADP and Fe**/Fe**++( Hultin, 1980). Furthermore lipid peroxidation in raw meat has also been regarded as 2 Zob”
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reaction and Kanner et Harel (1985) reported that the interaction of H202, generated by microsomes and mitochondria with ™ ol

. jon &
(MetMb) gave activated-MetMb capable of initiating lipid oxidation. The major objective of this study was to provide informat! jol!

c0:
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relationships between microsomal lipid oxidation and MetMb formation, from two different beef muscles, which largely 1¢&%

stability of raw meat.

MATERIAL AND METHODS it
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Two muscles different from the viewpoint of colour stability and oxidative capacity (Renerre, 1984) : Psoas major (PM) and "
- 2)1 ‘

dorsi (LD ) were taken 1h post-mortem on Charolais cull cows and put in liquid nitrogen. Extraction of oxymyoglobin (MbO job!?
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mM Tris HCI buffer (pH 8.4) and its precipitation with ammonium sulfate between 70 and 100% saturation was realized-: 0 elufed

- (oH 8.4) &
solution (MbO2) was passed through a mono-Q (Pharmacia) column which was equilibrated with 10mM Tris HCI buffer (PH 8 hor65i5 Hﬂd
with a linear gradient (0 to 100 mM) of NaCl in the same buffer. MbO2 purity was analysed by SDS- polyacrylamide electroP

isoelectrofocusing (unpublished results). xﬂgC‘ i
Isolation of the microsomal fraction was done by a procedure described by Apgar & Hultin (1982) after homogenization of mC.HI iioﬂ Wi
5SmM histidine buffer, 0, 6M KCl (pH 6.8) and centrifugation at 600g, 17000g and 100000g for 60 min. Protein determlnast (1978)
conducted by the Biuret procedure. Lipid peroxidation was measured using the thiobarbituric (TBA) assay described by Bucg 5

with the results reported as nM malonaldéhyde (MDA) per mg protein. ‘Crosof”ﬂl
The extent of enzymic lipid peroxidation in the presence of MbO2 was appreciated with a reaction mixture containing 0.72 mg‘rﬂl ulfiﬂ:
protein/ml, 0.16 mM FeCl3, 0.83 mM ADP, 0.4 mM NADPH and 0.66 mg/ml MbO2 in 10 mM Tris HCI buffer (pH 8.4) (Lln. ati0” d
1977). Measurement was effectued for a period of 64 min. at 37°C. The inhibitory effect on MbO2 oxidation and lipid peroxllsulfoxidf
different radical scavengers and antioxidants were tested as: superoxide dismutase (SOD) (0.3 U/ml), mannitol (10mM), gimeth me’ﬂ( |
(DMSO) (240 mM), BHT (1mM ) and vitamine E (8 mM). Tryptophan loss in the mixture was appreciated by fluorescence ot

280 nm excitation / 340 nm emission) in the presence of MbO2 (0.02 mg/ml) and microsomal fraction (0.02 mg/ml).
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Hz()z “mic catalysis of lipid peroxidation with the MetMb-H202 complex was studied at 37°C in the presence of MetMb (0.5 mg/ml),
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OPM) and microsomal fraction (1mg/ml) (Kanner et Harel; 1985). Lipid peroxidation was evaluated following the determination of

S
ACtive substances (MDA) and by fluorescence emission at 420 nm (340 nm excitation) ( Kagan; 1988).
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Chy,
g1i0f llyg 0matogf'dphy on Mono-Q column, a single band corresponding to a molecular weight of about 17000 was detected by staining with

T ni
f :0% ate ang identified by spectrophotometry as MbO2. Analytical IEF, by staining with Coomassie blue, revealed 3 bands
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i N of the haeminic pigment in different chromatographic conditions (Renerre et al; in press).

Spon
Mding o oxy- (pI= 6.8 and pI=7.0) and met-myoglobin (pI=7.3). These results are according to our previous results obtained after
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'0ns between microsomes and oxymyoglobin.
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r 5 of these experiments (Table 1 and Table 2) indicated the presence in microsomal fractions from beef muscles of enzymic systems
iy g (S.ependent which catalyse the oxidation of microsomal lipids in vitro in the presence of co-factors as previously shown in different
| by St dlel(;l & Hultin; 1977; Rhee & Ziprin; 1987). Moreover it was shown that these enzymic lipid peroxidation systems isolated from the
¥ °X1q (LD and PM) muscles were capable of oxidize MbO2 in vitro. After addition of the microsomal fraction to MbO2 solution, the
! reaQti v n% of the pigment in 40 min. was multiplied by about 1.5 and by 3.0 after addition of microsomes+cofactors. With a pH in our
a fnus[ Mediym equal to 7.0, we were not in the most favorable conditions to enhance lipid peroxidation (Rhee et al; 1984). Furthermore, it
ol | Iy o Toteq (table 1) that there was no difference in MbO2 autoxidation % between LD and PM muscles.

104 mm Peacﬁ(m medium, MbO?2 autoxidation was linked to the microsomal lipid peroxidation as indicated by the TBA test (Table 2). The
yoh ‘198 M Was reached after 40 min. with production of about 10 nM MDA / mg microsomal protein. With different conditions, Rhee et al

f()u -
Ny 0d a similar effect of incubation time on lipid peroxidation in beef muscle microsomes. The autoxidation process was followed by a

il
lo
pif &Xmﬂin € % Mb0O2 vs time and it was observed two different rates ( Figure not represented ). For Stewart (1990), this fact could be
i | “xidiz by a competition between MetMb which acts as a peroxidase, decreasing in situ concentrations of H202, and MbO2 which also is
&

oof | g iy m:y the peroxide. Moreover, it must not be excluded that in our experimental conditions, MetMb reductase localized in microsomes
ﬁuk)x. . ' or less intact mitochondria (Echevarne et al; 1990), and identified as a NADH-cytochrome b5 reductase, can interfere in MbO2
[ o rage,
theng b different radical scavengers and antioxidants allowed us to observe that SOD lowered MbO2 autoxidation rate and, with a less
v andl at y; Teactive substances concentration indicating that interactions between MbO2 and microsomal lipid fraction were of radical nature
0 | hﬂye SuperOXide anion was well generated in our reaction medium (Tables 1 and 2). It is well admitted that isolated microsomal fractions
if | by 0 Shown to produce H202 rapidly in vitro in the presence of NADPH via dismutation of superoxide anion. Inversely, it was
A | hydr() o that addition of mannitol and DMSO did not lead to a decrease in radicals production from the reaction medium suggesting that
0 f&guhs ‘y fadica) were not produced (or in a too low quantity to be detected). In all these experiments, no muscle effect was noted. These
Qﬁndin:ould indicate that in our reaction medium, iron could not be released from MbO2 and that, consequently, we were not in good
4 The e leading to hydroxyl radical generation by the Fenton reaction (Halliwell & Gutteridge, 1989) .
5|y " fBHT and Vit.E had no effect towards MbO2 autoxidation but leaded to an important decrease in TBA reactive substances
) alkoxy rn (Tebie 2); no difference was noted between LD and PM muscles. The major action of these antioxidants is to react with peroxy and
h}'dro icals donating labile hydrogen to them and so terminating the chain reaction of peroxidation (Halliwell & Gutteridge, 1989). Being
8 oh bic, Vit. E s a fat-soluble molecule which may also protect against peroxidation by modifying membrane structure.
& 34 iy, *loss in the reaction medium containing microsomal fraction+ cofactors and MbO2 was appreciated by fluorescence measurement
4 ™ (280 nm excitation ) and after 6 h, it was important to note that the fluorescence loss was more prononced with the PM muscle

Vith g,
“Ky ¢LD muscle ( Figures 1and 2 ). As addition of SOD inhibited the fluorescence loss ( figures land 2 ), it could be concluded that

tn rag

\ " Ox o icals (and particularly superoxide anion ) were formed. In this case, compared to previous results ( tables 1and 2), the inhibition
€N raq:

H“Ore adicals formation was fast complete during all the length (6h) of the reaction. For Davies et al (1987), the loss of tryptophan

Nce : . : . g .
IS the result of the protein to superoxide anion and hydroxyl radical exposure. The observed differences between muscles in
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fluorescence loss indicated that PM muscle produced more oxygen radicals than LD muscle and this could be due, for one part, 10 i o/

in the fatty acid composition of the membranes. Protein characteristics cannot be implicated in these changes because it was shown i

extracted and purified from LD and PM muscles presented identical autoxidation rates ( Renerre et al; in press). i
Nonenzymic catalysis of lipid peroxidation with the MetMb-H202 complex was studied as described by Kanner & Harel (1985) aﬂ p

difference was noted between LD and PM muscles either by the TBA test ( figure 3 ) or by the fluorescence emission at 420 1 (F’iﬂ]‘

ol e Y % . . cation ™

4).The lipid oxidizing activity may be due to MetMb activated by H202 (Rhee , 1988). A ferryl specie, called the porphyrin catio” (¥
thd

could be formed during the reaction where heme protein acts as peroxidase. By using this test, Freybler et al (1989) demonsgated i

.
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peroxidative reactions in meat systems are well initiated in the membranes. For Kanner et al. (1986), the cytotoxic activity of =

MetMb is due in particular to its capacity to be reduced to the hydroxyl radical.

NCLUSION fliP“j

/ LA . : itiation ©
These results have shown that €nzymic systems, present in microsomes, and H202 activated-MetMb are responsible for initiatl® ,dzdoﬂ
i

peroxidation in raw meat; lipid peroxidation is linked up with MetMb formation and free oxygen radicals are formed during thes® 4 1o
processes as, in all likelihood, superoxide anion and hydroxyl radicals. Differences in superoxide anion formation have bee” e’f 0
between LD and PM muscles but more investigations are needed to clearly define the relationships between the microsomal lipid perOXIda
and meat colour stability.
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