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a small part of the total odor complex. Nevertheless
it appears to accompany the odor very closely. The
relationship between malonaldehyde, other carbonyls,
and odor, in distillates from pure fatty acids, is under
investigation at the present time in an effort to throw
light on these questions.

Summary

An improved distillation method is deseribed for
the quantitative determination of malonaldehyde in
foods containing oxidized fats. The procedure is com-
pared with other methods in current use for the de-
termination of malonaldehyde. A high correlation of
TBA numbers with rancid odor in cooked meats was
established.
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Search for New Industrial Oils. II. Oils with High Iodine Values

F. R. EARLE, T. A. McGUIRE, JEAN MALLAN, M. O. BAGBY, and I. A. WOLFF, Northern Regional Research
Laboratory,' Peoria, Illinois; and QUENTIN JONES, Crops Research Division,? Beltsville, Maryland

in a program to find new oils of industrial im-
portance (1), 12 were found to have iodine
values above 180.

Only three plant families, the Cruciferae, Euphor-
biaceae, and Labiatae, are represented, and all three
have previously been known (2,5) to contain mem-
bers producing oils with high iodine values. Eight of
the 12 species however have not had oil composition
reported. Failure of other plant families to appear
in this tabulation of oils with iodine values above 180
may result partly from the limited number of samples
thus far analyzed. It may be expected that additional
oils with high iodine values will be discovered and
that other plant families will be represented as addi-
tional seed materials are examined.

The Cruciferae (mustard family) include some 300
genera and 3,000 species (3). The rapeseed and mus-
tard seed oils from this family are familiar items of
commerce. Oil composition has been reported in the
literature for some 30 species of Cruciferae, and the
presence of erucie acid is characteristic of the family.
The two representatives of the family in this report
belong to Hesperis and Matthiola, genera which con-
tain some 25 and 50 species, respectively. The only
previously analyzed oil from these genera was from
H. matronalis. There are almost 75 other species
which may be explored with the expectation of find-
ing some with improved oil composition, increased
seed yield, more desirable plant form, and wider
climatic adaptability.

ﬁ MONG THE FiksT 87 samples of seed oils analyzed

1This is a laboratory of the Northern TUtilization Research and De-
velopment Division, Agricultural Research Service, U. 8. Department
of Agriculture.

2 Agricultural Research Service, U. 8. Department of Agriculture.

The Euphorbiaceae (spurge family) are a large
family of some 280 genera and 8,000 species. The
plant types are quite varied, ranging from prostrate
herbaceous weeds to cactus-like trees. The best known
commercial oils from this group are tung and castor
oils, which have special value because they contain
structures not present in the more common oils. Only
about 60 species from the entire family and about 15
of the 1,000 species in the genus Euphorbia have been
analyzed for oil composition.

The Labtatae (mint family) include some 3,000
species, of which about 60 are grown in gardens in this
country as ornamentals or as kitchen herbs. Perilla
is the principal representative of the family among
industrial seed oils, but published analyses for some
15 other species (2,5) indicate that several should
produce oils of similar drying quality.

Materials and Methods

The source of seeds, the method of preparing oils,
and the methods of analysis have been described pre-
viously (1). Methods presented by Gardner (4) were
used to determine film hardness and drying time.
Films of oil modified by the addition of 0.015 g. of
mixed drier (24% lead, 6% cobalt, and 6% manga-
nese naphthenates) were put on microscopic slides.
Those for the drying-time test were touched repeatedly
with the finger to determine when the film had set to
touch. The films for the hardness test were aged two
days, then tested with a series of drawing pencils of
graduated hardness to determine the softest one which
would scratch the film. Viscosities were determined
by using the Gardner-Holdt Bubble Viscometer.



Characteristics and ecmposition of the oils, as in-
dicated by the tests applied, are presented in Table 1.
The proportion of apparent linolenic acid varied from
46 to 62%. Apparent linoleic acid varied from 9 to
22% and the total of ‘‘linolenic’” and ‘‘linoleic’” from
66 to 80%. The oils containing the highest concen-
tration of ‘‘linolenie’’ acid are from Satureja hor-
tensis and Thymus vulgaris. Those highest in total
“linolenic’’ plus “‘linoleic’’ acids are from S. hor-
tensis, E. heterophylla, and Monarda fistulosa.

Several oils apparently contain minor components
other than the usual saturated and unsaturated acids.
Those from T. vulgaris and Matthiola bicornis reacted
with HBr in the oxirane oxygen test to an extent
corresponding to about 1% of a Cis epoxy acid. T.
»ulgaris oil shows a trace of preformed conjugation,
but the amount, 0.5%, is probably insignificant for
any industrial use of the oil. Qil from Monarda fis-
tulosa is indicated to be free of saturated acids and,
by gas chromatography, to contain 4% of some com-
ponent moving more slowly than the usual Cig acids.
0il from Matthiola Dicormis, the only other oil to be
analyzed by gas chromatography, shows no indica-
tion of acids longer than Cis.

Measured characteristies of the films and the vis-
cosity of the erude oils are also shown in Table I. The
linseed oil included as a reference material was ex-
tracted from seed of variety B-5128 obtained from a
commercial seed distributor. Its iodine value, 184, is
slightly above the mode shown by lopper and Nes-
bitt (6) in their study of 1,485 samples ranging in
iodine value from 144 to 196 but is within the range
of good commerecial oils.

Viscosity of the various oils ranged from A (Gard-
ner-Holdt) to A4. Oils from Majorane hortensis and
T. vulgaris were the most viscous of the group. That
from E. heterophylla was the only one less viscous
than linseed. The iodine value of the oil from H.
matronalis was the lowest in the group and was essen-
tially the same as that of the linseed oil used for com-
parison. These last two oils were the slowest to dry
and produced the softest films in the series. Nepeta
mussingy dried faster than the other oils although it
does not have the highest iodine value.
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TABLE I
Analytical Data on Seeds and Derived Oils
Seed analysis Fatty acid content of oil .
. { Refrac- Viscos- | pryin
. : Saponi- ; Noncon- | Noncon- ity, "YINE | pencil
Source Common name Oil I’rot.em Lodine fication tive jugated | jugated Mono- Gard- time hard-
content | value index > : ene, Satu- Set to y
con- NX value /D triene, | diene, a8 rated ner- touch ness
tent 6.25 as lin- | aslin- oloic e Holdt ouc
' olenic oleic i
% DB % DB [ o, Y % Irs.
Cruciferae
Hesperis matronalis Dame’s rocket 32 25 186 186 1.4737 46 21 26 3 A2 3.0 ®
Matthiola bicornis Evening stock 29 35 196 192 1.4748 59 9 20 8 Al 2.5 H
Huphorbiaceae
Euphorbia marginatae Snow-on-the-mountain 32 21 198 185 1.4761 57 14 17 8 A2 2.5 2H
Euphorbia hiterophylle | Painted-spurge 37 25 200 188 1.4754 55 22 10 8 Ad 2.5 2H
Labiatae
Majorana hortensis Sweet marjoram 40 32 199 188 1.4753 55 20 16 5 A 2.2 41I
Monarda fistulosa ‘Wild bergamot 32 27 210 192 1.4756 58 18 19 0 Al 2.1 3H
Nepeta mussinti | eiviiiinens 25 22 200 184 1.4749 55 18 17 6 A2 1.8 H
Ocimum basilicum Sweet basil 24 21 191 188 1.4742 50 22 15 8 Al 2.1 2H
Perilla frutescens Perilla 42 32 189 185 1.4734 55 11 21 9 A3 2.8 H
Salvia columbariae Californija chia 34 20 198 188 1.4748 56 16 18 5 Al 2.8 3H
Satureja hortensis Summer savory 42 24 214 184 1.4765 62 18 12 4 A2 2.2 4H
Thymus vulgaris Thyme 37 28 208 189 1.4772 62 13 18 3 A 2.2 4H
Linaceae
Linum usttatissimum Lingeed 40 26 184 | ... | ... 49 14 22 11 A3 3.0 I
Results Discussion

The oils reported in this work are, on the basis of
iodine value, very similar to cach other and to linseed
0il. None of them deviate markedly from the regres-
sion line (Figure 1) calculated from iodine value and
refractive index data on 70 oils (1) inecluding these
12, or from lines published for soybean (8), linseed
(6,9,10), and perilla (7) oils. The agreement with
the line suggests that the oils contain primarily the
common fatty acids, and the data in Table T are in
agreement with this suggestion. Similarly infrared
examination of the oils reveals no unusual compo-
nents. While the present data include no proof, it
seems reasonable to assume that the diene and triene
are the common linoleie and linolenie acids.

1.4801- x Cruciferae w0
- ~ Euphorbiaceae 1.V. = 8555.559 n,—12425.928
Q=T o Labiatae
»
£
£1.475
2
=
1.470 L | 1 1
180 190 200 20 220
lodine Value
1-3830
F1g. 1. Relation between iodine value and refractive index.

Oils from the two Cruciferac, 1. matronalis and
Matthiola bicornes, are not typical of the oils produced
by the family. H. matronalis has been reported (5) to
contain no erucic¢ acid, and the present work shows
that the oil from M. bicornis likewise contains none.
Linolenic acid is common in Cruciferae oils, but the
high level in these two species is unusual. The pre-
vious report on oil from II. matronalis (46% lino-
lenie acid and 359 linolei¢ acid) is in good agree-
ment with the ‘‘linolenic’ acid content shown in
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Table I but is 14% higher in linoleic acid. The pres-
ence of 1% of apparent epoxy acid in the present
sample of M. bicornis is based only on HBr absorption
and is not conclusive.

The compositions of the two Fuphorbia oils are
similar to each other and to the composition of several
Euphorbia oils reported earlier (2,5). The E. mar-
ginata oil reported here differs significantly however
from the literature report of 45% linolenic acid and
45% linoleic acid. This diserepancy may be resolved,
or the variability of the speeies may be revealed more
clearly as additional samples are analyzed in the
sereening program.

Qils of the eight Labiotae in this study are similar
in composition to other Labiatae oils with high jodine
values. Only two of these oils are reported by Hil-
diteh (5), and the composition of the present samples
are distinetly different. The ecarlier sample of Oce-
mum basilicum was reported to have 21% linolenie
acid and 60% linoleic acid in contrast to H0% ‘‘lino-
leni¢’” and 22% “‘linoleic’’ acid found in the present
sample. Similarly the previous report shows Perilla
frutescens (P. ocymoides) oil to contain 63 to 70%
linolenie acid and from 0 to 16% linoleie acid whereas
the present sample contains only 55% ‘‘linolenic’’
acid and 11% ‘‘linoleic’”” acid. Regardless of the
diserepancy, which may result from differences in
the sources of samples, the composition of the eight
Labiatae oils are sufficiently similar to suggest that
they would all serve in applications where perilla
oil has been used in the past; several of them are
probably superior to perilla oil of average composition.

The minor amounts of apparent epoxy acid and of
conjugated unsaturation in Thymus vulgaris oil have
no value and for most applications probably would
not be detrimental. The absence of saturated acids
from the oil of Monardae fistulose may perhaps indi-
cate the presence of some component which responds
abnormally to ecither the iodine value procedure or
the alkali isomerization in the determination of poly-
unsaturated acids, or it may result from the chance
accumulation of errors in the procedures. Complete
absence of saturated acids would be most unusual,
but such a result is often within the accepted precision
of the method. The 4% of material in this same oil
moving more slowly than the Cg acids has not been
identified but might be arachidic acid, which has been
reported in several oils of the Labiatae (2,5).

The tests of drying time and film hardness, while
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not precise, support the generality that oils with
higher iodine values dry more rapidly and produce
harder films. The oil from Nepeta mussini is anom-
alous in that it dries more rapidly than three oils of
higher iodine value but produces a softer film than
five oils of comparable or lower iodine value. This
behavior may indicate greater or lesser amounts of
trace constituents which affect the rate or extent of
oxidation and polymerization in the drying film.

In general, the analyses reported in Table I sug-
gest that all these oils should be equal or superior to
linseed oil as drying oils. They should receive serious
consideration if any can be produced more economi-
cally, if any arc especially adapted to areas of the
country which require an alternative crop, if they
are sufficiently good to permit performance equal to
linseed after dilution with a cheaper oil, or if over-all
demand for drying oils should increase sufficiently
to justify production of additional ones.

Extensive study of any of the species reported in
this paper may reveal that the sample tested 1s not
typical but may be better or worse than the average.
TUntil proved otherwise, it must be assumed in a sereen-
ing program that the sample analyzed is sufficiently
representative to serve as a guide to further study of
oils for specific uses.
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EstiMarion orF CATALYST ACTIVITY rOK HYDROGENATION OF
Fars. I. Kaganowicz. Prace Inst. © Lab. Badawezych Przemystu
Spozywezego 8(4), 33-44 (1958). A mnickel catalyst was pre-
pared by heating nickel formate in rapeseed oil at 245 + 4°
tfor 2 hours. When this catalyst was used in the hydrogenation
of rapeseed oil, the rate of change of the iodine number of
rapeseed oil was proportional to the catalyst activity. The
activity of the catalyst was determined by means of the for-

mula 4 = (I, —Ir) X 88.25/at, where I; and I: are the iodine
numbers of the oil before and after hydrogenation, a is the
amount of catalyst in weight % based on the oil, ¢ is time in
minutes, and 88.25 is the number of ml. of hydrogen corres-
ponding to an iodine number unit. (C. 4. 53, 19410)

THE APPLICATION OF ToN-EXCHANGE RESINS TO THE PURIFICA-
TION OF FaTs. A. Ollero Gémez and A, Soto Cartaya (Univ.
Seville). Grasa y aceites (Seville, Spain) 9, 296-301 (1958).
Ton-exchange resins may be used for neutralization of fats,
removal of trace elements, and analysis of trace elements. The



