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The Chemical Composition of
Ergot Oil

BY WALTER F. BAUGHMAN AND GEORGE S. JAMIESON*

RGOT is the dried sclero-
E tium of Claviceps pur purea
(Tulasne) developed on

rye plants. The same fungus, or
one closely related, grows on a
number of other grasses. It was
the original source of ergosterol
(Tanret Ann. Chim. Phys. (6),
20, 289 (1890); ibid (8), 15, 313
(1908) ), but this sterol has now
been identified in a wide range of
lower plants, for example, certain
veasts and in a number of animal
and vegetable fatty oils. Rosen-
heim and Webster (Biochem. Jour.
21, 389 (1927) ) also Windaus and
Hess (Nachr. Ges. Wiss. Gottingen,
1927, 175) have advanced the
opinion that ergosterol or a highly
unsaturated sterol of similar con-
stitution is the natural parent sub-
stance of antirachitic vitamin D,
and is converted into vitamin D by
irradiation with ultra-viclet light.
Ergot contains a fatty oil which
it is necessary to extract with pe-
troleum ether before preparing the
fluid extract used in medicine
(U. S. Pharmacopeceia X, pp. 133,
167). This oil has besen the sub-
ject of investigations at different
times for many years, Wiggers
(Annalen 1, 129 (1832) as early
as 1832 reported that ergot con-
tained 35 per cent of fatty oil
Herrmann, (Jahresber, Pharm.
1869), Ludwig (ibid 1869, 25) and
Gauser (ibid 1871, 13) made short
communications concerning the oil.
Most of the investigators have
found that the oil gives a high
acetyl number and have described
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it as containing hydroxyoleic acid.
Mjoen (Arch. Pharm. 234, 278
(1896) ) gave 62.9 as the acetyl
number, and stated that he found
the oil to contain glycerides ot
palmitic acid, oleic acid, and a hy-
droxy ftatty acid which he had
not succeeded in isolating. Rathje
(Arch. Pharm., 246, 696 (1908) )
reported the acetyl number as
27.4, and the percentage com-
position as follows: oleic acid,
68 per cent; hydroxyoleic acid, 22
per cent; and palmitic acid, 5 per
cent. The comgposition obtained by
Dieterle, Diester and Thimann
(Archiv. Pharm., 265, 171 (1927) )
as a result of their elaborate inves-
tigation was: palmitic, daturic, and
other saturated acids, 20.5 per
cent; w-linolic acid, 4.6 per cent;
and oleic acid, 71.0 per cent. They
could not prove the presence of hy-
droxy fatty acid. The oil used by
them gave an acetyl number of
60.4, but the insoluble fatty acids
prepared from this oil gave an ace-
tyl number of only 20.6, and they
expressed the opinion that the high
acetyl number of the oil may have
been caused by the presence of
mono- and diglycerides. Finally,
Matthes and Schiitz (Arch. Pharm.,
265, 541 (1927) ) claim to have iso-
lated hydroxyoleic acid and dibro-
mide from the bromides of the
liquid acids by treatment with
petroleum ether at low tempera-
ture and to have obtained pure
hydroxyoleic acid by reducing this
dibromide with zinc.

The authors recently received a
two-liter sample of ergot oil from
the Drug Control Laboratory, Food,
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Drug and Insecticide Administra-
tion, Department of Agriculture,
and on account of the meager
knowledge regarding the composi-
tion of the oil available in the lit-
erature it was thought worth while
to make a rather extensive exam-
ination of it. The oil had been ex-
tracted in the Drug Laboratory
with petroleum ether from a com-
posite sample of Russian, Spanish,
and Austrian ergot. This compo-
site sample of ergot contained 5.50
per cent moisture and 32.75 per
cent oil, which is equivalent to
34.66 per cent (dry basis) oil.
This sample of oil was dark red
by transmitted light, but by re-
flected light there was a dark
brownish yellow fluorescence. How-
ever, other samples of ergot oil
have been seen which had a light
yellow color. At room temperature
the oil was viscous but less so than
castor oil. After standing in the
ice box (10°-12° C.) for a month
it became more viscous of course,
but did not deposit any stearin.
Chemical and Physical Charac-
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teristics. — The more important
characteristics were determined,

and the results are reported in
Table I. The iodine number indi-
cates that it is a non-drying oil,
and the very low Reichert-Meissl
and Polenske numbers show that
glycerides of volatile acids are ab-
sent. The acetyl value is low and
indicates that hydroxylated acid is
not present in an appreciable quan-
tity. A second sample of oil ex-
tracted from a different lot of ergot
gave an acetyl value of 11.0, The
percentages of saturated and unsat-
urated fatty acids were determined
by the lead salt-ether method, and
corrections were made for the small
quantity of unsaturated acids that
separates with the saturated acids
fraction as indicated by the iodine
number of the saturated acids frac-
tion (J. A. C. S. 42, 2398 (1920);
Cotton Oil Press 6, No. 1, 41
(1922) ) and it was also taken into
account that the unsaponifiable
matter separates with the unsatu-
rated acids fraction, in this determ-
ination.

TABLE I
Ergot Oil
Chemical and Physical Characteristics

Specific gravity 25°/25° ... ... e 0.9222
Refractive index, 25° ... .. ..t it e 1.4691
Acid value ...ttt e e 3.02
Todine number (Hanus) .............. i iininennnens 73.8
Saponification value ... ... i e e 196.9
Unsaponifiable matter (90) ....oveuitineitinenennnnennaaennen 1.18
Acetyl value ... ..t e e 7.3
Reichert-Meissl number ........... ... .0 it 0.3
Polenske NUMbETr .. .cii.iiinir ittt ittt i e et e 0.4
Saturated acids as determined (%) .......c.iiiiiniiiiiiiinan 27.2%
Unsaturated acids plus unsaponifiable matter as determined (%).. 68.6
Iodine number of unsaturated acids .................. ... . ..t 101.2
Saturated acids (corrected) (%) .....vviirrinriininriiranninnn 26.5
Unsaturated acids (corrected) (%) .........c i, 68.1

*Iodine number, 2.6
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Unsaturated Acids—The iodine
number of the unsaturated acids
fraction (101.2) lies between the
theoretical iodine numbers of oleic
acid (90.1) and linolic acid (181.4).
The saponification value, as deter-
mined, of the unsaturated acids
fraction containing the unsaponifi-
able matter is. 193.8. Making al-
lowance for the unsaponifiable mat-
ter the saponification value of the
unsaturated acids becomes 197.2.
This figure is close to the theoreti-
cal values for oleic acid (198.65)
and linolic acid (200.1). These
data indicate that this fraction of
the fatty acids consists of oleic and
linolic acids. The following per-
centages were calculated from the
foregoing dodine numbers.

saturated acids, and the saponifica-
tion values of the final fractions
were determined, Columns 2 and 3
of Table ITI give the results. From
these data the mean molecular
weights of the saturated acid es-
ters in each fraction were calcu-
lated; the results are recorded in
Column, 6, Table III (J. A. C. S,,
42, 152, 1197 (1920) ). The re-
gults in Column 6 indicate what
saturated acid esters may be pres-
ent in the various fractions. The
result for Fraction 1 lies between
the molecular weights of methyl
myristate (242.3) and methyl pal-
mitate (270.83) and suggests there-
fore the presence of these two es-
ters. The indicated constituents
for Fractions 2 to 6 are methyl

Glycerides in

In original 0il original oil

Per cent Per cent Per cent
Oleic acid ............. 87.84 59.8 62.5
Linolic acid ........... 12.16 8.3 8.7
100.00 68.1 71.2
Saturated Acids—A quantity of palmitate and methyl stearate

saturated acids, prepared by the
lead salt-ether method, was esteri-
fied with methyl aleohol (J. A. C.
S. 42, 1200 (1920) ). The mix-
ture of methyl esters, which
weighed 118 g., was fractionally
distilled under diminished pres-
sure. The data for this distilla-
tion are given in Table II. A pre-
liminary distillation from a 1-liter
Claissen flask resulted in gix frac-
tions designated by the letters A
to F, and a residue. These pre-
liminary fractions were redistilled
from a 250 cc. Ladenburg flask
as indicated in the table, and seven
fractions and a residue were ob-
tained.

The iodine numbers, which are
measures of the contaminating un-

(298.4), and for Fraction 7, methyl
stearate and methyl arachidate
(826.4).

The free acids were recovered
from some of these fractions, and
the constituent saturated acids
were isolated by fractional crystal-
lization from alecohol. Their iden-
tities were established by their
melting points and by observing
whether or not these melting points
were lowered when the substances
were mixed with equal quantities
of the respective acids which they
were suspected of being, the pur-
ity of which had been established
previously by elementary anaylsis.
In all cases the melting points of
the isolated acids confirmed the de-
ductions drawn from the mean
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molecular weights of the fractions.
Pure myristic acid was isolated
from Fraction 1; pure palmitic
acid was obtained from Fractions
1 and 8; stearic acid, from Frac-
tions 2 and 3; and arachidic acid,
from Fraction 7 and from the final
residue. This residue, however,
was composed mostly of decompo-
sition products and was not taken
into account in calculating the
quantities of saturated acids.

The quantities in the wvarious
fractions were calculated from the
mean molecular weights of the
saturated acid esters (Col. 6, Table
III), and the theoretical molecular
weights of the two esters in each
fraction. The results are given in
Columns 7-14, Table III. The
saturated acids data are summed
up in Table IV, and the equivalent
percentages of glycerides in the
original oil are given in Column 4.

TABLE II
Ergot Oil
Fractional Distillation of Methyl Esters of Saturated Acids

(118 g. subjected to distillation.)

Distillation at 8 mm. pressure

Fraction Temperature Weight
°C. g.
A 183-5 19.
B 185 21.6
C 186-7 22.8
D 187-8 22.4
E 188-198 21.1
F 198-218 6.1
Residue 4.1
Fractions A and B redistilled........... 1 1834 6.8
2 185-7 23.0
Fractions C and D added.............. 3 188 23.7
4 188 23.5
Fraction E added .................... 5 190-5 22.0
Fraction F and residue added.......... 6 197-207 12.4
7 207-225 6.2
Residue 0.4
TABLE III
Ergot Oil

Results of Analyses of Fractions Obtained by Distilling Methyl Esters of

Saturated Acids

. g §Ew
5 S i, k<
-g § § 523 éu—n’g
z= 8 S "5< =0 E Myristic Palmitic Stearic Arachidic
§ EE “& =  =F Acid Acid Acid Acid
B & 83 .0 5% swa —— e A
e Bl d;’ SS a ) gvi
& S @ = H EBY % = % g % g % g
1 1.2 2113 2655 1.24 2651 1728 118 76.25 518  .... ... ... ..
2 07 2069 2711 073 2710 ... ... 9179 2111 235 0.54
3 13 2055 2730 135 2729 .... ... 8488 20.12 870 2.06
4 13 2049 2738 135 2735 .10 .. 8288 1948 10.71 252
5 356 201.3 2787 373 2781  .... ... 6595 1451 2547 560
6 69 1934 2901 7.6 289.6 .... ... 27.57 342 60.77 7.54 ... ...
7 12,6 180.7 310.5 1307 3129 ... ... L., 39.94 248 43.09 2.67
o . . 118 83.82 20.74 2.67
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TABLE IV
Ergot Oil—Saturated Acids

Acids in saturated
acid fraction

Acidsin Glycerides in
original oil original oil

Acid Grams Per cent Per cent Per cent
Myristic .............. 1.18 1.09 0.29 0.3
Palmitic .............. 83.82 77.32 20.49 21.5
Stearic ............... 20.74 19.13 5.07 5.3
Arachidic ............. 2.67 2.46 0.65 0.7

108.41 100.00 26.50 27.8
Summary

The chemical composition of ergot oil has been determined with the results

given below:

Oleic acid
Linolic acid
Myristic acid
Palmitic acid
Stearic acid

Glycerides of

..............

Unsaponifiable matter

Per cent
62.5

It was not possible to detect in this oil either daturic acid or hydroxy-
lated acid, which have been reported as present by other investigators.

Book Reviews

Fats and Oils Studies
of the
Food Research Institute

THE FooD RESEARCH INSTITUTE
of Stanford University, California,
announces its second series of in-
vestigations in commodity econom-
ics—the Fats and Oils Studies.

The whole subject of fats and
oils is of large and increasing im-
portance. Origins and uses are
strikingly diverse, and the various
fats and oils are technically inter-
changeable to a remarkable degree.
Marked changes have occurred and
are still occurring in production,
manufacture, consumption, inter-
national trade, and price relation-
ships. Partly as a result of these

changes, broad questions of public
policy have arisen, especially with
respect to agriculture, food laws,
and tariffs. The fats and oils con-
stitute a field peculiarly adapted to
organized research by a group like
the Food Research Institute, equip-
ped to handle technological as well
as economic and statistical prob-
lems.

For the present, Fats and Oils
Studies will be published as books
and pamphlets of varying length,
identical in format. Ordinary
studies will cover 100-200 large
octavo pages, and will be sold at
prices of $1.00, $1.50, and $2.00.
Each study will constitute an ade-

 quate consideration of a selected

topic, but necessary interdepen-
dence of studies makes for a homo-



