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Moy eChanism by which nitrite

Yyt TS Or retards the oxidation of
Wge, . 1ipids is not  fully
thy Literature data suggest

~at
ln\,olgbre than one mechanism may be
h&‘ve . Gray and Pearson (1987)
. Teviewed the proposed
which include: (a)
of a strong complex
heme pigments and nitrite,
Preventing the release of
iron with its attendant
> of the propagation stage
Mabjy; 1iPid  oxidation; (b)
UpjgtZ3tion of the unsaturated
thQlat"."lthin the membranes; and (3)
Qt‘zbuslo{i" of metal ions such as
g"évail 1ons, thus rendering them
dea,:iable for catalysis of
a"ailab?‘ reactions. Evidence is
{4+ © indicating that all three
bj NS are involved in nitrite
of oxidation in meats,

e oo
=

th‘ale is

g ftion
. € most important.
My

fg%seda number of studies have
fth \Jnsgn the reaction of nitrite
o ha turated fatty acids, very
plg%l\,ege, addressed the mechanism
1Yur,8a 1N the stabilization of the
&sﬁle Qurateq fatty acids in
O gt kranes by nitrite. The
TV ide inftflve of this study was to
S Ormation in support of
xldenn?echanlﬁn, as well as further
the hepe that nitrite stabilizes
Spo, D8l Pilgments and thus prevents
Sase .

Stey of nonheme into the meat
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MATERTALS AND METHODS

Stabilization of meat 1lipids with
nitrite

Cured and uncured (nitrite-free)
pork samples fram three pigs were
prepared in the MSU Meat Laboratory
to ensure that the cured and uncured
samples came fraom the same
animals. The cured samples had
target levels of 156 mg/kg nitrite,

550 mg/kg ascorbate, 2.0% salt,
0.67% sucrose and 0.5% sodium

tripolyphosphate added. The uncured
samples did not contain nitrite but
had the same target levels for the
other additives. Mitochondrial and
microsomal fractions were isolated
from the pork samples by sequential
centrifugation (Buckley et al.,
1989) and dispersed in a KCl/lactic
acid buffer (pH 5.5) for use in the
peroxidation assay. Phospholipids
were extracted from the cured and
uncured pork samples using the dry
column method of Marmer and Maxwell
(1981) . Liposomes for the
peroxidation assay were prepared by
dispersing a known quantity of the
extracted phospholipids in the
KCl/lactic acid buffer and adding
0.05% Triton X - 100 to emulsify the
system.

Phospholipids from the uncured pork
samples and ethyl esters of several
polyunsaturated fatty acids were
reacted with dinitrogen trioxide as
described by Ross et al. (1987).
Liposomes were again prepared by
dispersing the lipids in the buffer
systems described above. The
oxidative stability of the
microsomes, mitochondria, phospho-
lipids and fatty acid ethyl esters
was evaluated using the
metmyoglobin/hydrogen peroxide-
induced peroxidation assay of Harel
and Kanner (1985). The peroxidation
assay was carried out at 35°C and
samples were taken at various time
intervals. The extent of oxidation
was monitored by a TBA procedure
(Buckley et al., 1989).

To confirm that nitrite reacted with




the unsaturated fatty acids, the
lipids were heated with a secondary
amine (morpholine) in a sealed
ampule. The samples were analyzed
for the presence of N-nitrosamor-
pholine as described by Ross et al.
(1987) .

Stabilization of heme pigments by
nitrite

Three pork loins were cbtained from
a local supermarket, trimmed of
excess fat and ground. The pigments
were removed from the ground pork
using the distilled water-extraction
procedure of Tichivangana ard
Morrissey (1984). Enouch pork loin
was extracted to provide approxi-
mately 2.5 kg water-extracted muscle
fibers for each replicated experi-
ment. The following additives were
dispersed in 30 ml distilled water
and added to 300 g aliquots of the
muscle fibers: (i) control (no
additives); (ii) hydrogen peroxide
(80 umoles); (iii) metmyoglobin (5
mg/g or 80 jmoles); (iv) nitric
oxide myoglobin (80 jmoles); (V)
metmyoglobin (80 umoles) /H202

(80 umoles) and; (vi) nitric oxide
myoglcbin/H,0, (80 imoles). The
fibers and reactants were thoroughly
mixed, divided into three portions
and subjected to the following heat
treatments: (i) raw (no heat); (ii)
short heat treatment - samples were
placed in cooking bags, heated in a
water bath (100°C) to an internal
temperature of 70:C, removed
immediately and placed in an ice
bath to cool; (iii) prolonged heat
treatment - samples were heated as
in (ii) above, but were maintained
at 70°C for 30 minutes before being
placed in an ice bath.

All samples were analyzed for lipid
oxidation immediately after cooking
and after storage at 4°C for 24, 48
and 72 hours using the TBA procedure
of Tarladgis et al. (1960), as
modified by Crackel et al. (1988).
The free iron content of the samples
was determined after 72 hours by
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atamic absorption spectrophot®® '

RESULTS AND DISCUSSION rmed i
The peroxidation assay perfol™
these studies was based O .p
interaction of hydrogen idl
with metmyoglobin, leading % e
to the generation of anna[; o

species which promotes i
bound lipid peroxidation. aséays
from the  peroxidation o

indicate that the mi ?
mitochondrial lipids from the ® s
pork samples were oxidized -

rapidly than those from the ™M™ "4

free samples (Figure 1). At we(zlo
of the peroxidation assay ‘g
minutes), TBA values fOF

microsomes and mitochondrid ]
cured samples were approximd e
times smaller than those f% yof |
uncured samples. Phospholi}iﬁd?dizead ‘
the cured pork samples also 0% g
less rapidly than those 'fromd v
uncured samples when sub) -tioﬂg
the same peroxidation cond?” it
(Figure 2). Thus it is &% g¥
that  nitrite  stabilizeS i ¥
polyunsaturated fatty acids furfpef
phospholipids. To lend = ¢ |
credence to this cbservatio® pol’}"
phospholipids from the un
samples were reacted with
trioxide and subjected
metmyoglobin/hydrogen

> 7
dir:o%e
xH

el

initiated peroxidation assay:. .t
phospholipids were signifi“ gy
(p<0.01) more stable ¢

phospholipids cbtained £ro®
uncured pork (Figure 2).
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; or
Similar trends were obtained ? Oé
series of ethyl ¢ gt D;
polyunsaturated fatty aCIdsdmitfo?o .

been reacted with o
trioxide (data not includ® ¢
purposes of brevity). All Valﬂ‘}é

reacted samples had lower TB?
than the unreacted samples- Y

:of
To confirm that the stabiliza?%g# |
the lipids was aue 0, 0f)
interaction of nitrite or a5 0
trioxide with the double P°
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the
llpldsmsammted fatty acids, the
Samples were heated with a
amine (morpholine) in
thO form the corresponding N-
Catedcmlpov.md. Results clearly
that phospholipids
%pabfted fram cured pork were
€ of njitrosating morpholine
Ramp those from the uncured pork
Qsph Could not. When the latter
dlnl Olipids were reacted with
Wlth en trioxide and then heated

m'*"I'pl’lolme a significantly
tmsﬁmo greater amount of N-
Q%pabed pholine was  produced

b to that produced by the
QSpholl Pids from uncured pork.

el‘?ld Ly, reaction of the fatty
lholenlethyl esters  (linoleic,
Ql!u C and arachidonic) with
%md:n trioxide produced
%tphol. Capable of nitrosating
“1%& e upon heating. Results of

tflte es thus imply that
Dlds Teacts with unsaturated
lel‘ Vat; 'O  form nitro-nitrosite
Plgs Ves, thus stabilizing the
3 galnSt peroxidative changes.
T .
ghﬁ llzatlon of heme pigments
N A phase of the study was
N investigate the
N Ireai__zatlon of the heme pigments
N nitrite, thus preventing
%Q]Qi:}easG of nonheme iron during
;?i(ttact : and  storage. Water-
myth POrk samples were treated
QQlQbS;'Y OJlobin and nitric oxide
» With and without hydrogen
%Ultg ' and stored at 4'C. TBA
@at
high,
m&

ion indicated that lipid
Was significantly (p<0.05)
Q%globln samples containing
t 1n/hydrogen peroxide
O 'O the control samples and
leobln taining nitric oxide
that Nonh and metmyoglobin (Table
th 1ron analy51s revealed
th&a tmy amount of iron released
ted S9lobin/hydrogen peroxide-
-05 Samp les was significantly
i\ Qésed higher than the amount
Qb&fgre from metmyoglobin alone.
* it appears that hydrogen
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peroxide in the presence of
metmyoglabin does exert some effect
on lipid oxidation. Hydrogen
peroxide may "activate" metmyo-
glabin, thereby increasing heme-
catalyzed lipid oxidation as
suggested by Kanner and Harel (1985)
and Rhee et al. (1987).

Raw samples treated with nitric
oxide myoglobin alone or in
combination with hydrogen peroxide
showed no increase in 1lipid
oxidation over the 72 hour storage
period. TBA values for the uncooked
samples containing nitric oxide
myoglobin and nitric oxide
myoglobin/hydrogen peroxide after 72
hours were 0.39 and 0.45,
respectively. Short- and long-term
heating did not accelerate lipid
oxidation in either sample. Thus,
it appeared that nitric oxide
myoglobin acted as a specific
antioxidant in these  systems.
Morrissey and Tichivangana (1985)
also reported that nitric oxide
myoglobin maintained its antioxidant
properties in the presence of strong
prooxidants such as metmyoglabin and
free metal ions.

Another possible explanation for the
low amount of lipid oxidation in the
samples containing nitric oxide
myoglobin is that neither heating
nor hydrogen peroxide caused any
breakdown of nitric oxide
myoglobin. Nonheme iron contents of
the samples containing nitric oxide
myoglobin/hydrogen peroxide remained
in the range 1.6 to 1.8 jg nonheme
iron/g muscle fiber even after
heating. This level was not
significantly different from that of
the control sample which contained
1.4 pg nonheme iron/g muscle fiber
after long-term heating. Hydrogen
peroxide also had no apparent effect
on the nonheme iron content of the
muscle fibers. Therefore, it can be
concluded that heating or hydrogen
peroxide did not produce any
measurable decomposition of nitric




oxide myoglobin.

SUMMARY

Results of this study confirm
previous ocbservations that several
mechanisms ini to the
antioxidant role of nitrite in cured
meats are operative. It has been
demonstrated that nitrite stabilizes
unsaturated lipids toward
peroxidative attack by forming a
nitro-nitrosite derivative, as
suggested by Liu et al. (1988).
This study also provides further
indirect evidence that the
peroxidative reactions in meat
systems are initiated in the
membranes. Therefore, stabilization
of the membrane-bound lipids through
the formation of a nitro-nitrosite
derivative should contribute to the

enhanced oxidative stability of
cured nmeats. Evidence that
phospholipids, microsomes and

mitochondria from cured pork are
less susceptible to peroxidation
than their uncured counterparts has
been provided in this investigation.

Additional evidence in support of
nitrite stabilization of heme
pigments has also been presented.
The addition of nitrite oxide
myoglobin to water-extracted muscle
fibers did not result in any
significant increase in nonheme iron
when the model system was heated
(short- and long-term heating) and
then stored at 4°C for 72 hours. In
contrast, when metmyoglcbin was
added to the muscle fibers and
subjected to the same heat
treatments, there was a significant
increase in the nonheme iron
content. It has been suggested that
nonheme iron is the catalyst of the
propagation stage of the oxidation
process and will decompose preformed
lipid hydroperoxides (Asghar et al.,
1988). Thus, nitrite also functions
as an antioxidant by reacting with
the heme pigments and preventing the
release of free iron as a
consequence of exposure to heat and
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hydrogen peroxide.
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Table 1. Effect of metmyoglobin and nitric oxide myoglobin
on the oxidative stability of lipids in water-extracted
miscle.

TBA value (mg/malonaldehyde/kg muscle)

Storage Control H,0, NOMb NoMb/ MetMb MetMb/

Time, hr H,0, H,0,

Raw

0 0.20 0.38 0.27 0.22 0.49 0.38
24 0.31 0.35 0.37 0.43 0.71 0.82
48 0.31 0.37 0.38 0.43 0.80 1,13
72 0:32° 0.402 0.392 0.452 0.87° 1.18%
Short term heating
0 0.32 0.39 0.32 0.32 0.55 0.66
24 0.89 0.88 0.46 0.51 1.25 1.47
48 1.23 0.97 0.56 0.63 1.60 2.02
72 1.48% 1.11° 0.562 0.742 1.959 2.49%
Prolonged heating
0 0.62 0.81 0.37 0.34 0.63 0.68
24 1.30 1.23 0.59 0.49 1.57 1.66 |
48 1.41b 1.39 0.75 0.79 1.96 2.39,
72 1.48 1.57° 0.902 0.93% 2.35€ 3.01

Means followed by different superscripts within rows are significantlY

different at p<0.05

Table 2. Effect of heating and addition of hydrogen peroxide on the
release of iron from metmyoglobin and nitric oxide myoglobil
added to water-extracted muscle

pg iron/g muscle
Heat Control H,0, NOMb NOMb/ MetMb MetMb/
Treatment H,0 H,0
22 22

Raw b
1.792 1.452  1.542  1.642 2.02P 3.87

Short term heating b
1.332 1.542 1.572 1.702 3.12 4.98%

Prolonged heating
1.362 1.498 1.63%  1.79+®  4.44P 5,145

Means followed by different superscripts within rows are sic;;nifical'ltly

different at (p<0.05)
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