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Abstract

The effect of cytochrome on pork fat oxidation was studied either in the absence or in the presence of

nitrite and/or ascorbate. Results showed that the back-fat oxidation measured by TBA test increased with

increasing concentration of cytochrome ¢ but the increment decreased with increasing concentration. The

addition of ascorbate alone to cytochrome c did not prevent the oxidation. The same result was obtained with

the addition of nitrite alone to cytochrome c¢. However, the backfat oxidation was prevented by the addition

of nitrite and ascorbate together. With the rendered fat, the trends were more obvious than with backpat.

Introduction

It is generally accepted that heme proteins accelerate
lipid oxidation in meat. Igene et al.t"’ reported that the
increased rate of lipid oxidation due to heme pigments
in cooked meat was due to non-heme iron released from
heme pigments during cooking. Ferrous ion, which
possesses a high catalytic activity in hydroperoxide for-
mation at pH 5.8 might initiate the oxidation of phos-
pholipids by forming free radicals.*' Cytochrome c is one
of heme proteins present in all organisms that contain a
mitochondrial-respiratory chain. Phospholipids which are
in close proximity with the heme catalysts of the mitochon-
dria could take the primary responsibility for rancidity
development in meat. %

Cytochrome ¢ has shown to catalyze the oxidation of
lipid.t¢-7# However, Banks et al.® reported that cyto-
chrome ¢ had an antioxygenic effect at higher concentra-
tion (3.5x 10-%M) when a suspension of linoleic acid was
used as a lipid source. It was due to the decomposition
of lipid peroxide by cytochrome ¢ and the denaturation
of cytochrome c.¢*

Heart is rich in cytochrome c. It has 16-20 umoles/kg
comparing to 4umoles in skeletal muscle.*® Many cured
meat products showed the inclusion of heart ranging from

5 to 20% in their formulations.!*") Therefore, cytochrome

50

¢ due to the addition of heart to cured meat could be
suspected to affect the degree of lipid oxidation in meat
products.

In this study, the effect of cytochrome ¢ on lipid ox-
idation was investigated in the absence or the presence

of ascorbate or/and nitrite.

Materials and Methods

Horse heart cytochrome c type III (Sigma Chemical
Co.) was used to study the effect of cytochrome ¢ on pork
fat oxidation. Pork backfat was obtained from pork car-
cases without considering the storage time. Rendered fat
was prepared by heating adipose tissue and centrifuging
to remove residues.

About 0.2¢ lipid or solidified rendered fat was weigh-
ed exactly up to mg range into a 25 mi-Kimax test tube
with a screw cap. Sodium cacodylate buffer at pH 5.8 was
added to the sample with or without cytochrome ¢ and
then vortexed for 5 seconds. When sodium nitrite (2.2
mM) or/and soidum ascorbate (2.8 mM) were used, the
mixture was vortexed with them again. After vortexing,
the mixture was heated at 70°C for 30 minutes to ac-
celerate the oxidation. Blanks were always run with
treatments. Total volume of the mixture was 2-3 ml

depending on the experiment. After heating at 70°C, the
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mixture was cooled to room temperature and 1 m! of
0.05M EDTA at pH 4.0 was added. The TBA values of
samples were measured. For measurements of TBA, the
method from Ke and Woyewoda*® was used with follow-
ing modifications: The working TBA solution contained
0.1 mM of BHA. After heating in a boiling water bath
and cooling to the room temperature by tap water, 5 ml
of 50% TCA was added to the mixture and the mixture
was centrifuged for 15 minutes in a clinical centrifuge.
Absorbance of the upper aqueous layer was measured at
534 nm.

To compensate the effect of nitrite and sodium ascor-
bate on TBA measurement, the mixture was prepared
with the known amount of malonaldehyde bis (dimethyl
sorbances was made to compensate the difference be-
tween the sample with and that without nitrite er/and
ascorbate. Statistical analysis was done by Newman-Keuls

method according to Snedecor and Cochran.¢*
Results and Discussion

Cytochrome c increased the rate of lipid oxidation with
increasing concentration.‘** However, high concentration
(3.5x10°M) showed the delaying effect on the oxida-
tion.® In fact, high concentration of cytochrome c did
not stop the oxidation at the level in which the sample
does not contain cytochrome c. Fig. 1 shows that TBA
values of backfat increased with increasing concentration
of cytochrome c but the increment decreased with increas-
ing concentration.

Fig. 2 illustrated the effect of reduced cytochrome ¢
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Fig. 1. Effect of cytochrome ¢ concentration on
backfat oxidation (n=11)
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Fig. 2. Effects of cytochrome ¢(17.1 x 10°M) or/and
ascorbate (2.8 x 10M) on backfat oxidation (n=6)

Bars not marked by the same letter are different (P<0.05).
on the lipid oxidation. The addition of commerical
cytochrome ¢, which is in the oxidized form, without
ascorbate caused more oxidaton than in control as ex-
pected. With the addition of ascorbate, the effect of

cytochrome ¢ was not much different from that of cyto-
chrome ¢ without ascorbate. It has been reported that

heme compounds are catalysts for the oxidation of un-
saturated fatty acids regardless of iron state.*'** The
effect of ascorbate alone on fat oxidation shown in the
literature is inconclusive. Benedict et al.¢'®’ reported that
ascorbate ar the level of 50 ppm increased TBA value in
lean beef ground with beef fat and pork fat. Sato and
Hegarty*'” showed that concentration of ascorbic acid up
to 500 ppm exhibited pro-oxidant properties but at 10,000
ppm it acted as an antioxidant. However, Greene et al.*®
reported that ascorbic acid at 500 ppm provided protec-
tion to lipids from oxidation. In this study, ascorbate did
not show much effect on fat oxidation in the absence of
cytochrome c. It might be because this system had lipids
alone whereas other studies used lean meat.

The addition of nitrite to cytochrome ¢ did not pre-
vent the oxidation but the oxidation was inhibited by the
addition of nitrite in the presence of ascorbate (Fig. 3).
When ferricytochrome ¢ (oxidized form) reacted with
nitric oxide at acidic pH, Compound I (Fe** — NO*) was
rapidly formed."**® The amount of Compound I form-
ed in the absence of ascorbate was dependent on pH and
the amount formed was very small at pH above 5.0,
The presence of ascorbate significantly enhanced the
amount formed in the pH range 5.0-6.0.** According to
Orii and Shimada, *® in the presence of reductants Com-
pound I was transformed immediately into Compound II
(Fe* — NO). On the other hand, ferrocytochrome c (reduc-
ed form) reacted with nitric oxide to form Compound II.
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Fig. 3. Effects of cytochrome ¢(17.2 x 10*M), NaNO,
(2.3 % 10°M) and ascorbate (2.8 x 10-*M) on backfat ox-
idation (n=6)

Bars not marked by the same letter are different (p<0.05).

Then Compound I1 released nitric oxide to return to fer-
rocytochrome c. However, if the reductant is in a large
excess over nitrite, Compound II will be the end product.
Therefore, this result can be interpreted as when oxidized
cytochrome c(ferrycytochrome) reacts with nitrite, Com-
pound I is formed which has lack of one electron,
therefore, it cannot prevent the oxidation. However, in
the presence of excess ascorbic acid, compound II would
be the final product which is electro-chemically stable.
It is well known that the formation of nitrosyl hemo-
chrome, in which nitric oxide is bound to the reduced state
of iron, is the main reason for prevention of oxidation in
meat by nitrite.

With the rendered fat, the effects of cytochrome c,
ascorbate and nitrite on the oxidation were more obvious
than with backfat (Fig. 4 and 5). It is presumably because
backfat, which is adipose tissue, has residual blood and
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Fig. 4. Effects of cytochrome ¢(12.7 x 10-°M) or/and
ascorbate (2.8x10°M) on rendered fat oxidation
(n=4)

Bars not marked by the same letter are different (p<0.05).
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Fig 5. Effects of cytochrome ¢(11.6 x 10°M), NaNO,
(2.2 x 10M) and ascorbate (2.8 x 10>M) on rendered
fat oxidation (n=5)

Bars not marked by the same letter are different (p<0.05).

other tissue residues such as collagen fibers, vascular bed,
fibroblastic connective tissues, leucocytes and macro-
phages.** On the other hand the rendered fat is void of
heme pigments such as residual blood which can catalyze
the oxidation.«'®

Since meat has lots of natural reducing substances in
addition to the added ascorbate for curing, it can be con-
cluded that the use of heart in cured meat products does
not impose any threat to shelf life of products as long as
reductatnts are in excess over nitrite. Lozano and
Cassens®* reported that when an extract of heart (up to
10%) was added to bologna preparation, it did not in-
fluence the TBA values of the products.

2 o

Cytochrome C7} s 2| 2 ub o] Al 5}el] v]x) &= o &g
Apstnal s 215 2wk, cytochrome ¢, ol~Ewl4k
ot M Abed & Ab&3ted pH 5.8 4 A ut4tslx & TBAw
Yo 2stedv}, Cytochrome ¢ r7bego] Zr7pe 42
Auabsle Frlslgz, AH#ZE71A =& Cytochrome ¢
Arlefol /1YL 2 Fosbgdnh, o2 Twlate|y} o}l
A} Cytochrome ¢ z|ut4tst&2 2 &8 oA &=
Zag o, T8 EAe Hrlsled SwE x| ubAls)
A& Mg dndog s3sAE Cytoch-
rome 7} 9egFH GES FUlEAdE SAE FA

G ge A 4e A0E ARFch

by

P

rlo



Vol. 19, No. 1 (1987)

References

. Igene, J.O., King, J.A., Pearson, A.M. and Gray, J.1.:

J. Agric. Food Che., 27, 838 (1979)

. Kawakatsu, M., Terao, J. and Matsushita, S.: Agric.

Biol. Chem., 48, 1275 (1984)

. Younthan, M.T. and Watts, B.M.: J. Food Sci., 25,

538 (1960

. Igene, J.0. and Pearson, A.M.: J. Food Scti., 44, 1285

(1979)

. Labuza, T.P.: CRC Critic. Rev. Food Technol., p. 355

(1971)

6. Tappel, A.L.: Food Res., 18, 560(1953)

11.

12.

13.

. Tappel, A.L.: “Lipids and their oxidation’’, AV] Pub,

Co., Inc., Westoport, CN, p. 122 (1962)

. Banks, A., Eddie, E. and Smith, J.G.M.: Nature,

190(4779), 908 (1961)

. O’Brien, P.J.: Can. J. Biochem., 47, 485 (1969)
10.

Margoliash, E. and Walasek, O.F.: “Methods in En-
zymology”’, vol. X, p. 339 (1967)

Komarik, S.L., Tressler, D.K. and Long, L.: “Food
Products Formulary. Vol. 1 Meat, Poultry, Fish,
Shellfish”, AVI Pub. Co., Inc., Westport, CN (1974)
Ke, P.]J. and Woyewoda, A.D.: Anal. Chem. Acta,
106, 279(1979)

Snedecor, G.W. and Cochran, W.G.: “Statistical

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Cytochrome c7} s§ 2| 24t 3}o)) m] 2 & F & 53

Methods”, 7th ed. The Iowa State Univ. Press (1980)
Brown, W.D., Harris, L.S. and Olcott, H.S.: Arch.
Biochem. Biophys., 101, 14(1963)

Hirano, Y. and Olcott, H.S.: J. Amer. Oil Chem. Soc.,
48, 523(1971)

Benedict, R.C., Strange, E.D. and Swift, CE.: J
Agric. Food Chem., 23, 167 (1975)

Sato, K. and Hegarty, G.R.: J. Food Sci., 36, 1098
(1971)

Greene, B.E., Hsin, 1. and Zipser, M.W .. J. Food Sct.,
36, 940 (1971)

Ehrenberg, A. and Szczepkowski, T.-W.: Acta Chem.
Scand., 14, 1684 (1960)

Orii, Y. and Shimada, H.: J. Biochen.., 84, 1543 (1978)
Izumi, K., Cassens, R.G. and Greaser, M.L.: 26th
Europ. Meet. Meat Res. Workers, Vol. 2, p. 234
(1980)

Izumi, K., Casens, R.G. and Greaser, M.L.: J. Food
Sci., 47, 1419 (1982)

Weiss, L. and Greep, R.O.: “Histology’’, McGraw Hill
Book Co., N.Y.(1977)

Lozano, J. and Cassens, R.G.: J. Food Sci., 49, 149
(1984)

(Received October 22, 1986)



