COMMUNICATIONS

indicated three germacrane isomers present in this mix-
ture in addition to cyclization products (eudesmanes and
a cadinane).

When the Douglas fir oil was stored at —20° in a freezer
there was no decrease in the amount of germacrene D
present after 1 year, but when the oil was stored at 5° in a
refrigerator the peak disappeared in 6 weeks. Yoshihara et
al. (1969) reported that thermal isomerization of germa-
crene D gave principally the same products as acid-cata-
lyzed isomerization. Carefully purified germacrene D from
Douglas fir, sealed neat in glass capillaries or dilute in
polar or nonpolar solvents, showed no sign of thermal
rearrangement to other sesquiterpenes after 6 weeks at
room temperature in the dark. The loss of germacrene D
in the Douglas fir oil stored at refrigerator temperature
would thus appear not to be a simple thermal isomeriza-
tion but must involve interaction with some component of
the oil. The possibility that such interaction might in-
volve a terpene alcohol was explored, but a sample of ger-
macrene D sealed in hexane with 5% added linalool
showed no isomerization to other sesquiterpenes after sev-
eral weeks at room temperature. In all attempts to isom-
erize germacrene D thermally and in the whole oil stored
at refrigerator temperature, small amounts of a white cry-
stalline high-melting solid were observed which was ap-
parently a polymeric product of the germacrene D.

Germacrene D has recently been reported as present,
usually in relatively small amounts, in a variety of plant
species (Lawrence et al., 1971, 1972, 1974; Maarse and van
Os, 1973; Nishimura et al., 1969; Yoshihara et al., 1969).
In Douglas fir needles the amount of germacrene D reach-
es a maximum concentration (ca. 5% of the isolated es-
sential oil) in the very young growth and then decreases to
essentially zero as the growth matures. Maarse (1975) ob-
served similar variations in the amounts of germacrene D
in leaves of Origanum vulgare with age of the leaves. von
Rudloff (1972, 1973) investigated the leaf oil of many dif-
ferent populations (coastal and interior) of Douglas fir but
found no germacrene D in mature leaves or foliage. This is
consistent with our observations of the transient existence
of germacrene D in the very young leaves. Germacrene D
has been suggested (Yoshihara et al., 1969) to be a key in-
termediate in the biogenesis of a number of sesquiterpene
hydrocarbons. Although the germacrene D decreases in

amount rapidly as the leaves of Douglas fir (Maarse and
Kepner, 1970) and Origanum vulgare (Maarse, 1975) ma-
ture, in neither case can an increase in concentration of
sesquiterpenes chemically or biogenetically related to ger-
macrene D be observed. It is thus not possible to conclude
from the results obtained whether or not germacrene D is
a precursor for other sesquiterpenes present in these
plants.
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Determination of Amines in Fresh and Processed Pork

The concentration of a number of amines was de-
termined in fresh, cooked, smoke-cured, and pu-
trefied pork. Analyses were conducted for sper-
mine, spermidine, putrescine, cadaverine, hista-
mine, tyramine, tryptamine, and ethanolamine.
The amines were recovered from perchloric acid
extracts of the lean meat and derivatized with 1-
dimethylaminonaphthalene-5-sulfochloride. The

fluorescent derivatives were separated by thin-
layer chromatography, extracted, and then quan-
titated spectrofluorometrically. The concentration
per 100 g of fresh tissue ranged from 0.5 mg for
tyramine to 189 mg for putrescine. Significant in-
creases in spermine, spermidine, putrescine, and
cadaverine occur during putrefaction. Cooking at
71° decreases the concentration of amines.

N-Nitrosamines have been found to be carcinogenic to
animals (Magee and Barnes, 1956). These compounds are
formed by the reaction of nitrite with secondary amines.
Since cured meat products are prepared with nitrite,
there is considerable interest in the components of meat,
such as amines, that could react with nitrite to form ni-
trosamines. Crosby et al. (1972) detected traces of the fol-
lowing nitrosamines in food: dimethylamine, diethylam-
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ine, pyrrolidine, and piperidine. Lijinsky and Epstein
(1970) postulated that cadaverine and putrescine upon
heating formed piperidine and pyrrolidine, and Bills et al.
(1973) demonstrated the production of N-nitrosopyrroli-
dine from such polyamines as spermidine and putrescine
when heated in the presence of sodium nitrite.

Information concerning the concentrations of free
amines in fresh and processed foods has been scant until



recently. Wang (1972) reported on the presence of putres-
cine, spermidine, and spermine in soybeans. Concentra-
tions of methyl-, dimethyl-, and trimethylamines in salm-
on and sable were measured by Gruger (1972). Determina-
tions of the levels of volatile amines have been used to as-
sess the effectiveness of cold storage on the keeping of cod
by Keay and Hardy (1972), and Florin (1971) measured
the same amines, using them as an index of the degree of
bacterial action on the breakdown of fish. Takagi et al.
(1971) confirmed the presence of putrescine, cadaverine,
and tyramine in spoiled squid and octopus. A number of
amines are known to exert profound physiological changes
in the body, and those present in physiological fluids
(blood, urine, semen) and special organs (heart, liver, ner-
vous tissue) have been studied extensively (Frazen and
Eysell, 1969). However, very few studies have reported on
the amine content of skeletal muscle. While much infor-
mation exists on the interrelationship of meat processing
to amino acid composition (Wasserman and Spinelli,
1970; Usborne et al. 1968; Piotrowski et al. 1970), there is
no information on the effect of processing on the concen-
tration of amines. Recently we (Spinelli et al., 1974) stud-
ied the effect of processing on the amine content of pork
bellies.

We are reporting here the effects of cooking, curing, and
putrefaction on the amine content of pork.

EXPERIMENTAL SECTION

Materials. Fresh pork ham-butt portions, purchased
over the counter at local supermarkets, were freed of con-
nective and adipose tissue. The meat samples were
ground, mixed, and reground four times to ensure com-
plete homogeneity of the muscles in order to exclude the
possibility that variations in the amine content were due
to inherent differences within the muscle tissue itself.
Each ground pork sample was divided into thirds: one-
third analyzed without additional processing (fresh), one
third cooked to an internal temperature of 71°, and the re-
maining third stored at 25° for 72 hr prior to analysis to
hasten putrefaction. To determine the effect curing may
have on altering the amine content, butt portions of com-
mercially cured and smoked hams were analyzed in the
same way as the other pork preparations. All samples for
analysis were worked up at cold room temperatures of 4°.

Methods. The experimental techniques, similar to those
used by Spinelli et al. (1974), included extraction and sol-
vent partition procedures for isolation of amines, followed
by derivitization of the latter and subsequent chromato-
graphic and spectrophotofluorometric analyses. Amines
measured were: spermine, spermidine, putrescine, cadav-
erine, histamine, tyramine, tryptamine, and ethanoclam-
ine.

RESULTS AND DISCUSSION

The eight amines studied in hams can be divided into
two groups based on the average concentrations observed.
In fresh meat the polyamines (spermine, spermidine, pu-
trescine, and cadaverine) were present in greater quan-
tities than the four monoamines, averages ranging from 17
to 70 mg/100 g of tissue as opposed to the 1 to 2 mg/100 g
of tissue for the latter (Table I). There was sufficient vari-
ability among the four samples, however, that in two of
them spermine and cadaverine concentrations were of the
same order of magnitude as the monoamines, as was the
concentration of putrescine in a third sample. The varia-
tion in the concentration of amines, particularly the poly-
amines, may be due to the fact that, in addition to nor-
mal differences between animals, these hams were pur-
chased at different times in a commercial meat market.
The history of the animals from which they came is un-
known; butchering and storage treatments are also un-
known. Undoubtedly, some degradation, by both bacterial
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Table 1. Effect of Cooking and Putrefaction on the
Concentration of Some Amines in Pork

mg/100 g of tissue

Amine Fresh Cooked Putrefied
Spermine 17.7 6.1 806.2
(1.2-55.7) 2.2-9.7) (5.4--2769)
Spermidine 61.9 41.9 339.9
(13.4-125) (9.7-70) (20.1-1013)
Putrescine 70.2 17.0 149.4
(1.7-189.3) (2.3-56.5)  (7.3--351)
Cadaverine 17.1 9.2 25.0
(1.3-47.9) (1.6-24.5)  (5.5-40.8)
Histamine 1.1 0.6 4.5
(0.5-2.3) (0.4-0.8) (1.7-9.2)
Tryptamine 1.9 1.4 4.8
(1.2-2.9) (0.6-2.2) (2.5-8.6)
Tyramine 1.1 0.35 2.2
(0.5-4.1) (0.3-0.4) (1.3-3.5)
Ethanolamine 1.0 0.8 0.8
{0.7-1.1) (0.4-1.4) (0.6-0.9)

Table II. Concentration of Some Amines in Butt
Portions of Commercially Cured and Smoked Ham

Sample, mg/100 ¢ of tissue

Amine 1 2 3
Spermine 0.6 19.1 79.6
Spermidine 55.4 127.3 15.1
Putrescine 50.4 4.0 1.1
Cadaverine 1.4 63.2 19.4
Histamine 0.4 0.5 0.5
Tryptamine 0.8 6.7 3.5
Tyramine 0.8 0.2
Ethanolamine 0.4 0.4 0.6

and tissue enzymes, had occurred. Decarboxylation of the
amino acids lysine and ornithine is known to yield putres-
cine and cadaverine, and it has been shown that putres-
cine is a precursor of spermine and spermidine (Tabor et
al., 1958), thus establishing the interrelationship of these
polyamines.

Although the data do not necessarily represent the con-
centration of the amines in freshly slaughtered pigs they
may still serve as a base for this study, which was to ob-
serve changes in amine concentrations induced by cooking
and by spoilage resulting from putrefaction. Heating to an
internal temperature of 71° resulted in a substantial de-
crease in the concentration of the amines, which may be
due to volatilization of the amines. Putrefied meat under-
went visual and olfactory observable spoilage, and, as ex-
pected, there were large increases in the concentrations of
the amines, particularly the polyamines. There was con-
siderable variability among the meat samples, however,
which may have been the result of differences in the bac-
terial flora and the activity of the organisms.

Three commercially cured and smoked hams, butt por-
tion, were also examined (Table II). There are no fresh
meat controls with which to compare these results, but
even in these samples the polyamine concentration is con-
siderably greater, and more variable, than the concentra-
tion of the monoamines.

The object of this limited study was to ascertain the in-
fluence which processing (cooking, smoke-curing, and pu-
trefaction) has on the levels of some of the free amines
present in pork. In retrospect, it appears that some of the
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pork ham butts used in the study may have been in the
process of undergoing slight bacterial breakdown. This is
indicated by the high polyamine content detected in sev-
eral of the samples. It is, nevertheless, apparent that
cooking pork in general decreases the concentration of
amines. Putrefaction of pork, on the other hand, causes a
significant increase in the concentration of certain
amines, in particular spermine, spermidine, putrescine,
and cadaverine. Commercial curing and smoking of hams
cause no discernible effects on the concentration of the
amine content (Table II).
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Determination of Perloline by a Fluorometric Method

A fluorometric procedure for the determination of
perloline, an alkaloid found in tall fescue (Festu-
ca arundinacea Shreb.), has been developed. In-
terfering fluorescent compounds present in the
50% ethanolic extract of plant samples were re-
moved by a cationic (H* form) chromatographic
procedure. Perloline was found to give maximum
fluorescence in 50-60% ethanol at a pH greater

than 9.25. The maximum excitation and fluores-
cence wavelengths were found to be 450 and 512
nm, respectively, under these conditions. The
overall recovery of this procedure was 92.5% with
a high degree of precision. The detection limit of
the fluorometric determination was better than
0.3 ug/ml.

Perloline, a fluorescent alkaloid in tall fescue (Festuca
arundinacea Shreb.), has been implicated as one cause of
poor performance of cattle grazing fescue during the sum-
mer (Bush et al., 1970). To study the heritability of perlo-
line content in genotypes of tall fescue, an improved
method for the extraction and quantitation of perloline
was needed. The first attempt to quantitate perloline (Ba-
thurst et al., 1943) was rapid although contamination in
the chloroform fraction interfered with the colorimetric
measurement (Jeffreys, 1964). A simple procedure devel-
oped by Gentry et al. (1969) lacked the precision desired
for a heritability study. This paper describes a column
chromatographic cleanup procedure and fluorometric de-
termination of perloline in grass samples.

MATERIALS AND METHODS

Reagents used included: perloline monchydrochloride
(Northern Regional Research Laboratory, Peoria, 1ll.),
tris(hydroxymethyl)aminomethane (Tris) buffer (Fisher
Scientific Co., Fair Lawn, N.J.), and MSC-1 cation ex-
change resin (H* form) (Dow Chemical Co., Midland,
Mich.).

Apparatus used included a Baird Atomic Fluorospec-
trometer Model SF-1.

Plant Tissue Samples. Samples were from a tall fescue
breeding study located on the Bradford Farm, University
of Missouri—Columbia. Samples were harvested Oct 24,
1973, and forced air dried at 55°. Dried samples were
ground to pass a 1-mm screen, mixed, and stored in plas-
tic bags at room temperature.

Extraction and Cleanup Procedure. To 125-ml erlen-
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meyer flasks were added 2-g samples of dried, ground
plant tissue and 50 ml of 50% (v/v) ethanol-water
(EtOH). The mixture was magnetically stirred for 2 hr.
The plant residue was retained in a Biichner funnel fitted
with Whatman No. 1 filter paper. The residue was washed
with an additional 50 ml of 50% EtOH. The combined fil-
trate was passed through a column (14.5 mm i.d.) packed
with 11-12 ml of cation resin at a flow rate of 2.5-3.5 ml/
min. The column was washed successively with 20 ml of -
50% EtOH, 30 ml of 95% EtOH, and 20 ml of deionized
water. The major portion of cations was eluted with 50 ml
of 7% aqueous NH4OH (70 ml of concentrated NH,OH di-
luted to 1 1. with H;0) and discarded. If the eluate was
still colored, additional 7% aqueous NH4OH was used
until the eluate became colorless. Perloline was eluted
from the column with 60 ml of 14% NH4OH in 95% EtOH
(140 ml of concentrated NH4OH diluted to 1 1. with 95%
EtOH) into a flask. The ammonia was removed and the
volume was reduced to 10-15 ml in vacuo at 40°. The per-
loline was transferred quantitatively into a 50-ml volu-
metric flask and brought to volume with 50% EtOH.
Samples at this point could be stored in polyethylene bot-
tles in a freezer until analyzed.

Analysis of Perloline. The above perloline samples
were allowed to warm to room temperature. To dilute the
samples to fit the range of the standard curve, an aliquot
of each sample (1-10 ml), based on intensity of yellow
color, was pipetted into a 25-ml volumetric flask contain-
ing 2.5 ml of 0.06 M Tris buffer (pH 10) and brought to
volume with 50% EtOH.

Fluorescence of the samples was read on a fluorospec-



