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Figure 2. Effect of irradiation on stability of fat from reconstituted beef-

pork combinations

not with ground pork, and only when
antioxidants had been added to the
beef. It was first thought that this
effect might be due to the formation of
new antioxygenic substances or syner-
gists resulting from the effect of irradia-
tion on the proteins of the meat, since
many amino acids or peptides show syn-
ergistic activity with phenolic antoxi-
dants (5). However, the failure of
pork to show the same effect is difficult to
explain.

In an attempt to determine the cause
of this effect, the free glyceride fat and
bound lipids from samples of freeze-
dried beef and pork were extracted

FISH OIL ODORS

Odor Problems of Fish Oils.

separately and the meats reconstituted
using various cross-combinations of lipid
and nonlipid components. As shown in
Figure 2, all the irradiated samples
showed an immediate increase in sta-
bility, but only the four samples con-
taining free fat from beef showed large
increases, the largest being obtained with
a sample consisting of pork protein and
phospholipids with free fat derived from
beef. The three samples containing
free fat from pork showed only very
small stability improvements. Storage
of these irradiated samples for 2 weeks at
room temperature showed no significant
or consistent effect; some of the stored

Volatile

Amines of Menhaden Oil

samples showed an increase in stability
and others a decrease but, in all cases,
these changes were small. It appears,
then, that this immediate increase in
stability as a result of irradiation is asso-
ciated mostly with the free fat of beef in
combination with added antioxidants.
The reason for this effect, however, re-
mains unknown at this time.
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The basic constituents of a highly volatile fraction collected during molecular distillation
of menhaden oil have been examined by paper chromatography and thin-layer chroma-

tography. Tentatively identified were ethylenediamine and
major components with smaller amounts of propyl- and hexylamines.

1,4-butanediamine as
Secondary and

tertiary amines or quaternary ammonium bases were not detected.

HE nature of the compounds re-
Tsponsible for fishy odors remains
largely unknown. Some investigators
believe that carbonyl compounds result-
ing from the oxidative deterioration of
highly unsaturated fatty acids are re-
sponsible for fishy odors (9). Others,
however, have suggested that these

odors are caused by noncarbonyl con-
stituents (4) and that certain nitrogen-
containing compounds may be involved
fn their formation (7, 74).

During a study of the nature of fish
oil odors samples of volatile compounds
collected during molecular distillation
of menhaden oil were made available to
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us. The origin of the samples and the
nature of the volatile acidic constituents
of the highly volatile fraction have been
described (6). This report describes
the basic constituents of this fraction.

Experimental

Starting Material.  Nitrogen de-
terminations and qualitative tests for

229



amines were performed on the forerun
distillate and the aqueous and non-
aqueous fractions of the cold trap con-
densate collected during molecular dis-
tillation of menhaden oil (70).

Amines were isolated only from the
aqueous portion of the cold trap dis-
tillate. For preliminary experiments the
condensate recovered after isolation of the
acids as their sodium salts (6) was used,
but for final fractionation and identifica-
tion, larger amounts of material were
obtained directly from the total aqueous
volatile fraction.

Preliminary Measurements. Tortal
nitrogen was obtained by Kjeldahl
analysis, using the digestion mixture and
procedure of Noble (72) in combina-
tion with the colorimetric determination
of ammonia described by Russell (73).

Spot tests as described by Feigl (8)
were used to determine the presence or
absence of the various classes of amines in
these fractions. Tests for tertiary amines
were performed with a citric acid-acetic
anhydride reagent which gives a red to
purple color when heated in the presence
of these compounds. The test for
secondary amines was the blue-violet
color formed when they are treated
with a mixture of sodium nitroprusside
and acetaldehyde, while the iodine-
azide test for dithiocarbamates was used
to detect primary and secondary amines
as a group after they had been treated
with carbon disulfide.

Isolation of Amines. Either the entire
condensate recovered from the isolation
of the sodium salts of the acids (&), or
1 to 2 ml. of the aqueous portion of the
original cold trap condensate was acidi-
fied to a pH of 2.0 with 2\ hydrochloric
acid. The hydrochlorides of the bases
were then isolated after distillation of the
water and other volatile compounds,
using the procedure and apparatus em-
ployed for preparation of the acid salts
(6). The residual amine hydrochlorides
were dissolved in 100 to 200 ul. of water
and used for qualitative tests and for
paper and thin-layer chromatography.

Separation of Amines. PapPer CHRroO-
MATOGRAPHY. For separating the ali-
phatic primary monoamines, strips of
Whatman No. 1 filter paper, 11.5 X 45
cm., were treated by dipping once in
0.15A aqueous solution of sodium ace-
tate and drying in air at room tempera-
ture (75). The solvent system was the
upper layer obtained from an equili-
brated mixture of butanol-water—acetic
acid (50:49:1, v./v.). The chromato-
grams were developed for 18 hours at
room temperature and the amine spots
were revealed by dipping the paper in a
ninhydrin solution made from 200 mg.
of ninhydrin and 15 mg. of ascorbic acid
dissolved in 100 ml. of absolute ethanol.
With this system primary monoamines
with one to six carbon atoms were well
separated, while more polar diamines or
amino alcohols remained near the solvent
front, with R, values less than that of
methylamine.

THIN - LavyER CHROMATOGRAPHY.
Chromatography of the volatile bases
of menhaden oil on paper with the
solvents recommended by Bremner and
Kenten (2) for separation of diamines
was not successful because of excessive
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streaking and tailing. Much better re-
sults were obtained by using thin-layer
chromatography. The procedure was
similar to that described by Brenner,
Niederwieser, and Pataki (3). The Silica
Gel G plates were dried at 105° to 110°
C. for at least 4 hours and stored under
atmospheric conditions. Aqueous solu-
tions of the amine hydrochlorides were
spotted on the plates, air-dried, and chro-
matographed with a solvent consisting of
75 grams of phenol, 25 ml. of water, and
4 ml. of glacial acetic acid. The spots
were revealed by spraying the plates
with a 0.19; ninhydrin solution in
chloroform.

Results and Discussion

Table I shows the results of the quali-
tative tests performed on these men-
haden oil volatile fractions. The forerun
was the first distillate of the molecular
distillation and represents low molecular
weight lipid components such as free
fatty acids, partial glycerides, unsaponi-
fiables, and breakdown products of un-
saturated fatty acids that could be col-
lected on the molecular still condensing
surface. No amines could be detected
in this material or in the organic upper
layer of the more volatile compounds
accumulated in the molecular still cold
rap. However, both these fractons
contained approximately 30 pug. of
nitrogen per gram as determined by
Kjeldahl analysis. This amount of
nitrogen is very close to the limit of
detection of the qualitative amine tests
employed and it is possible that, even if
all the nitrogen present were in the
form of amines, it would have been unde-
tected in these samples.

The aqueous layer from the cold tap
contained 15 times this amount of nitro-
gen (482 ug. per gram) and tests for
tertiary and secondary amines were
negative, while the dithiocarbamate test,
which detects both primary and second-
ary amines, was positive, indicating that
the amines in this fraction were all
primary in nature.

In preliminary exploratory experi-
ments the hydrochlorides of the bases
isolated from the aqueous cold trap
layer were chromatographed on un-
treated Whatman No. 1 filter paper

using several solvent systems and indica-
tor solutions. During these experiments
the absence of secondary and tertiary
amines and of choline or other quater-
nary ammonium bases was indicated by
the failure of the chromatograms to de-
velop spots when they were treated with
sodium nitroprusside-sodium carbonate
(7) and phosphomolybdic acid (5),
respectively.

These amine hydrochlorides were
chromatographed on acetate paper using
the butanol-water—acetic acid solvent,
and when the chromatogram was dipped
in the ninhydrin solution, pink to purple
spots appeared within a few minutes
(Figure 1). This is characteristic of
primary amines and again confirms the
presence of these compounds in the men-
haden oil volatiles. Secondary amines
do not react with ninhydrin until the
paper has been heated in an oven at
65° to 70° for several minutes and, in all
cases, the unknown material gave no
additional spots upon heating after nin-
hydrin treatment.

As shown also on Figure 1, the pri-
mary monoamines with one to four
carbon atoms (D-1 to D-4) give com-
pact well-separated spots, but the more
polar diamine (4) or ethanolamine (B)
migrates only a very short distance from
the base line and their R, values are less
than that of methylamine. The un-
known amines from menhaden oil (C)
gave a long vyellowish streak from the
base line to the solvent front on which
were superimposed four light pink to
purple spots. The major portion of
these unknowns was concentrated in an
area consisting of a dark purple spot
(C-2) with considerable tailing which
moved slightly above the base line with
an R, value less than that of methyl-
amine. There was some slight evi-
dence of separation within the area (C-
1, €-2), but no conclusion could be
drawn regarding the nature of these
compounds except that they were not
primary monoamines. In addition, two
very faint light pink spots (C-3, C-4)
could be detected when enough ma-
terial was used on the chromatogram.
One corresponded to propylamine, while

Table I.
Total
Nitrogen
Content,®
Sample ug./G.
Standards
n-Propylamine
Di-n-propylamine
Tri-n-propylamine
Blank
Menhaden oil volatiles
Forerun distillate 30
Cold trap upper (organic)
layer 30
Cold trap lower (aqueous)
layer 482

o Procedures described in text.

Presence of Amines in Volatiles from Menhaden Oil

Response to Tests for

Primary and

secondary Secondary Tertiary
amines amines only amines only
+ — -
+ + -
- - +
+ — —




Figure 1. Separa-
tion of primary amine
hydrochlorides on
paper

A, 1,4 - butanediamine
(putrescine). B, ethano-
lamine. C, volatile amines
from menhaden oil. D,
methylamine {1), ‘ethyl-
amine {2}, propylamine
(3), butylamine {4}

the other was close to the solvent
front. When log R, values, calculated
according to the formula proposed by
Bremner and Kenten (2) (R, =
1/R; — 1), were plotted against the
carbon number of the primary mono-
amines, this farther spot corresponded
closely to hexylamine.

A typical tracing of a thin-layer chro-
matogram, developed with the phenol-
water—acetic acid solvent designed to
separate diamines, i3 shown in Figure 2.
Under the conditions employed here,
the unknown material (D) gave five
distinct spots. The first two spots had
R; values lower than those of the mono-
amines and corresponded closely to
ethylenediamine and 1,4-butanediamine
(putrescine), respectively. Spot D-3 was
yellow with no tinge of pink and, there-
fore, is not considered to be due to an
amine. Spot D-4, which showed a
slight pink tinge preceded by a yellow
streak, corresponds to propylamine, and
D-5, which was also very weak, is
probably due to the hexylamine detected
on the paper chromatogram.

The amines present in this volatile
fraction from menhaden oil consist
mainly of ethylenediamine and butane-
diamine with minor amounts of C; and
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Figure 2. Thin-layer chromatography of primary amine

hydrochlorides

A and E, ethylenediamine (1), 1,3-propanediamine (2), 1,4-butane-
diamine (3), 1,5-pentanediamine {4), 1,6-hexanediamine {5). B, methyl-

amine (1), ethylamine (2}, propyl amine (3).

volatile amines from menhaden oil

C; monoamines. More polar poly-
amines such as spermine and spermidine
have lower R; values than the diamines
(77) and, therefore, can be considered
absent from this material.

If the total nitrogen content of this
aqueous fraction, as determined by
Kjeldahl analysis, is expressed in terms
of butanediamine, it is equivalent to a
concentration of 0.15%, of this compound
in the volatile aqueous phase and of ap-
proximately 0.7 p.p.m. in the original
menhaden oil. Undoubtedly, only a
small fraction of the amines present in
the original oil was recovered and de-
tected but, even if we assume that 909
of these compounds were lost, their orig-
inal concentration in the oil must have
been extremely low. The odor of these
compounds is not pleasant, but, in spite
of the names given to some of the mem-
bers of this series (putrescine, cadaver-
ine), it is not of a putrid character,
but rather similar to that of ammonia,
although  considerably = weaker. Al-
though these compounds may play a role
in the over-all odor of fish oils, the na-
ture of their odor and their low con-
centrations suggest that their contribu-
tion must be rather small.

Trimethylamine, which has often
been associated with fishy odors (74),
was not detected in this sample of vola-
tile material.
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