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Lipoxygenase in Chicken Muscle

S. Grossman, M. Bergman, and D. Sklan*

The presence of lipoxygenase-type enzymes was demonstrated in chick muscles. Examination of the
oxidation products of [**C]arachidonic acid revealed the presence of 15-lipoxygenase. The enzyme was
partially purified by affinity chromatography on linoleoyl-aminoethyl-Sepharose. The enzyme was stable
on frozen storage, and activity was almost completely preserved after 12-month storage at —20 °C. During
this period the content of cis,cis-1,4-pentadiene fatty acids decreased slightly. It is suggested that
lipoxygenase may be responsible for some of the oxidative changes occurring in fatty acids on frozen

storage of chicken meat.

Poultry meat, in particular turkey meat, is susceptible
to the development of rancidity and off-flavors on frozen
storage. This has been attributed, at least in part, to
oxidation of the polyunsaturated fatty acids (PUFA)
(Wilson et al., 1976). The sensitivity of the tissue to ox-
idative deterioration is a function of the PUFA content
(Sklan et al., 1983a); high tocopherol retards oxidation
(Sklan et al., 1983b). This oxidation has been assumed to
occur mainly through catalysis by heme iron; however,
evidence for non-heme-soluble protein catalysis has re-
cently been published (Decker and Schanus, 1986; Rhee
et al., 1987).

Lipoxygenase (linoleate:oxygen oxidoreductase, E.C.
1.13.11.12) catalyzes the hydroperoxidation of fatty acids
interrupted by cis-methylene (Tappel, 1963). The exist-
ence of mammalian lipoxygenase was first recognized in
human platelets by Nutgeren (1975). Since then, the
presence of lipoxygenase has been reported in lung, kidney,
testes, and white blood cells (Goetzl et al., 1980; Borgeat
and Samuelsson, 1979; Shahin et al., 1978; Grossman et
al., 1986) and in gill tissue of fish (German et al., 1986).

In this study, the presence of a lipoxygenase enzyme in
chicken muscle is reported and its partial purification and
characterization are described.

MATERIALS AND METHODS

Pectoralis and gastrocnemius muscles were excised from
8-9-week-old male broilers immediately after slaughtering
and stored at —20 °C for differing periods of time.

A microsomal fraction was prepared by sequential cen-
trifugation (Wlodawe and Samuelsson, 1973) and in some
cases stored at —20 °C for several days. Particles were
suspended in 0.2 M phosphate buffer, pH 6.5, for assay
of lipoxygenase.

Lipoxygenase was determined polarographically or
spectrophotometrically at pH 6.5 according to Grossman
and Zakut (1979) using linoleic acid as substrate. Oxida-
tion products of lipoxygenase from whole homogenate
tissues were followed with [!4C]arachidonic acid (Radio-
chemical Center, Amersham). The reaction mixture con-
tained 0.1 uCi of labeled substrate and 2-3 mg of muscle
homogenate in a final volume of 0.5 mL by adding 50 mM
Tris-HC], pH 7.4. Inhibitors added to the assay were
nordihydroguaiaretic acid (NDGA) or indomethacin at
final concentrations of 20 or 200 uM, respectively. For
both inhibitors a stock alkaline solution was prepared. The
reaction mixtures were incubated for 15 min at 42 °C with
gentle shaking. The reaction was stopped by acidifying
to pH 3-4 with 10% formic acid. The tubes were extracted
with 5 mL of diethyl ether, which was evaporated to
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Table I. Linoleate Oxidation by Microsomal Fraction from
Pectoralis and Gastrocnemius of Chicken with Storage at
-20 °C

activity,® L. O,/min per mg protein
fresh 6-month storage 12-month storage

pectoralis 0.30 0.28 0.24
gastrocnemius  0.30 0.38 0.31

2 Activity was followed polarographically as described in Mate-
rials and Methods.

dryness, taken up in diethyl ether, and separated by
thin-layer chromatography on 0.2-mm plastic plates of
silica gel F (Merck Inc, Darmstadt). Elution was with
diethyl ether—petroleum ether-acetic acid, 100:50:1. Sep-
arated components were visualized with ultraviolet light
or with I, vapor. Labeled substrates were determined by
autoradiography with Curix RP-2 films (Alfa) with expo-
sure times of 10-14 days.

Products were identified by high-performance liquid
chromatography (HPLC) on a reversed phase Ultrasphere
ODS column by the method of Funk et al. (1976). 5-
HETE, 12-HETE, and 15-HETE served as standards.
Eluent was monitored at 254 nm and “C with a radioactive
flow detector.

The content of polyunsaturated free fatty acids in
muscle lipids was determined with heptadecanoic acid as
internal standard following extraction with chloroform~
methanol (Folch et al., 1957), separation by TLC, and gas
chromatography (Sklan et al., 1983b).

The microsomal lipoxygenase was purified by affinity
chromatography on linoleoyl-aminoethyl-Sepharose as
described by Grossman et al. (1972) using Sepharose 4B
rather than agarose. The microsomal fraction (2 g wet
weight) was homogenized with 5 mL of 5 mM sodium
acetate buffer, pH 5.0, 1% Triton X-100 using a glass
tissue homogenizer. All steps were carried out at 0-4 °C.
The homogenate was centrifuged at 12000g for 10 min.

The solubilized lipoxygenase supernatant was applied
to the linoleyl-aminoethyl-Sepharose column (10 X 2 cm)
equilibrated with 5 mM sodium acetate buffer, pH 5.0.
The column was eluted until absorbance at 280 nm was
zero and then with 200 mM acetate, pH 5.0; an additional
elution with 100 mM sodium borate, pH 9.0, was carried
out. Fractions of 2 mL were collected from the column
and protein content and lipoxygenase activity monitored.

Protein concentrations were determined by the method
of Lowry et al. (1951) using bovine serum albumin as
standard.

RESULTS

Preliminary experiments showed that muscle homo-
genates in 0.2 M sodium phosphate buffer, pH 6.5, con-
tained peroxidative activity when measured polarograph-
ically with linoleic acid as substrate. However, the activity
obtained with microsomal fractions from these homogen-
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Figure 3. Affinity chromatography profile of lipoxygenase activity
in solubilized gastrocnemius microsomal fraction on linoleoyl-
aminoethyl-Sepharose. Protein (15 mg) in 5 mM acetate buffer
was applied to the column (15 X 1.5 cm). Lipoxygenase activity
was determined spectrophotometrically, and the change in ab-
sorbance at 234 nm/mL per min is shown (filled circles) together
with protein (mg/mL).

DISCUSSION

The demonstration of the presence of lipoxygenase-type
enzymes in chicken muscle appears to be of importance
in understanding biochemical changes occurring on storage.

In the present study it was demonstrated that 15-lip-
oxygenase is present in chick gastrocnemius. The enzyme
was purified by affinity chromatography, and its product,
15-HETE, was identified by TLC and HPLC. However,
as is apparent from Figure 1, 15-lipoxygenase does not
appear to be the only lipoxygenase present in the tissue.
The products with R 0.88 and 0.84 (Figure 1) are probably
derived from a lipoxygenase-like enzyme as they were in-
hibited by NDGA but not by indomethacin, which inhibits
the cyclooxygenase pathway. These two products were also
found in pectoralis (not shown) and do not appear to be-
long to the 5- or 12-lipoxygenase pathways. Preliminary
data obtained in our laboratory suggested that these may
be epoxy and keto compounds derived from the 15-lip-
oxygenase; however, until more complete identification is
made, this remains speculative.

In this study it was again elucidated that the linoleo-
yl-aminoethyl-Sepharose column developed for the puri-
fication of plant lipoxygenases (Grossman et al., 1972) can
be used for the purification of animal lipoxygenases. On
the basis of this technique some animal lipoxygenases have
been successfully purified (Shahin et al., 1978; Sofer, 1983;
Grossman et al., 1986). The high yield of lipoxygenase
activity obtained in the affinity chromatography procedure
can be attributed to the removal of detergent or other
inhibitors.

The existence of a catalyst, stable on freezing, such as
the lipoxygenase enzyme in muscle tissue is likely to
stimulate the development of rancidity in the stored tissues
through the formation of free radicals and peroxides. The
data presented here support this explanation, in that
polyunsaturated free fatty acid concentrations decreased
with storage time while the enzyme activity decreased only
slightly with storage. The decrease in PUFA in gastroc-
nemius was greater than that in pectoralis, and this may
be due to the higher activity of the lipoxygenase in this
tissue. Previous studies have indicated that lipolysis and
oxidation occur concurrently in muscles of both turkey
(Sklan et al., 1983a) and chickens (Sklan and Tenne, 1984)
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on cold storage. It was assumed that the lipolysis occurring
on storage provided the substrate for oxidation. However,
the mechanism of the latter reaction was not described.
It is possible that the presence of stable lipoxygenase in
the tissue may explain the level and mechanism of this
oxidation.

Registry No. 15-Lipoxygenase, 82249-77-2; lipoxygenase,
9029-60-1; linoleic acid, 60-33-3; arachidonic acid, 506-32-1.
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