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The Chemical Composition 
Ergot Oil 

BY WALTER F. B A U G H M A N  AND GEORGE S. J A M I E S O N *  

E 
RGOT is the  d r ied  sclero- 

t ium of Claviceps pur purea 
(Tulasne)  developed on 

rye  plants .  The same fungus ,  or  
one closely related,  g rows  on a 
number  of o the r  grasses .  I t  was 
the o r ig ina l  source of e rgos te ro l  
(Tan re r  Ann.  Chim. Phys .  (6) ,  
20, 289 (1890) ;  ibid (8) ,  15, 313 
( 1 9 0 8 ) ) ,  bu t  th is  s terol  has  now 

been ident if ied in a wide range  of 
lower plants ,  for  example,  cer ta in  
yeas t s  and in a number  of an imal  
and vegetable  f a t t y  oils. Rosen- 
helm and W e b s t e r  (Biochem. Jour .  
2l, 389 ( 1 9 2 7 ) )  also Windaus  and 
Hess  (Nachr .  Ges. Wiss .  GStt ingen,  
1927, 175) have advanced the 
opinion t ha t  e rgos te ro l  or  a h igh ly  
u n s a t u r a t e d  s terol  of s imi l a r  con- 
s t i t u t ion  is the  na tu ra l  pa r en t  sub- 
s tance  of a n t i r a c h i t i c  v i t amin  D, 
and is conver ted  into v i t amin  D by 
i r r a d i a t i o n  wi th  u l t ra -v io le t  l ight .  

E r g o t  conta ins  a f a t t y  oil which 
i t  is necessary  to ex t rac t  wi th  pe- 
t ro leum e the r  before  p r e p a r i n g  the 
fluid ex t rac t  used in medic ine  
(U. S. Pharmacopce ia  X, pp. 133, 
167). This  oil has been the  sub- 
ject  of i nves t iga t ions  at  d i f ferent  
t imes  for  many  years ,  W i g g e r s  
(Anna len  1, 129 (1832) as ea r ly  
as  1832 r epo r t ed  tha t  e rgo t  con- 
t a ined  35 per  cent of f a t t y  oil. 
He r rmann ,  ( J ah re sbe r ,  Pha rm.  
1869), Ludwig  ( ib id  1869, 25) and 
Gauser  ( ib id  1871, 13) made shor t  
communica t ions  concern ing  the  oil. 
Most of the  inves t iga to r s  have 
found  tha t  the  oil g ives  a h igh  
acetyl  number  and have descr ibed 
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of 

i t  as  con ta in ing  hydroxyole ic  acid. 
Mj6en (Arch.  Pha rm.  234, 278 
( 1 8 9 6 ) )  gave 62.9 as the  acetyl  
number ,  and s t a ted  tha t  he found 
the oil to conta in  g lycer ides  ot 
pa lmi t i c  acid, oleic acid, and a hy- 
d roxy  ~atty acid which he had  
not succeeded in isola t ing.  Ra th je  
(Arch .  Pharm. ,  246, 696 ( 1 9 0 8 ) )  
r epor t ed  the  acetyl  number  a s  
27.4, and the percen tage  com- 
posi t ion as fo l lows:  oleic acid, 
68 per  cent ;  hydroxyole ic  acid, 22 
per  cent ;  and pa lmi t ic  acid, 5 pe r  
cent. The composi t ion  ob ta ined  by 
Dieter le ,  Dies te r  and Th imann  
(Archiv .  Pha rm. ,  265, 171 ( 1 9 2 7 ) )  
as a resul t  of the i r  e labora te  inves- 
t i ga t i on  was :  palmit ic ,  da tur ic ,  and 
o ther  s a t u r a t e d  acids, 20.5 per  
cent ;  ~-linolic acid, 4.fi per  cent ;  
and oleic acid, 71.0 per  cent. They  
could not prove the presence of hy- 
droxy f a t t y  acid. The oil used by 
them gave an acetyl  number  of 
60.4, but  the  insoluble f a t t y  acids 
p repa red  f rom th is  oil gave an ace- 
tyl  number  of only 20.6, and they  
expressed  the opinion t ha t  the  h igh  
acetyl  number  of the  oil may  have 
been caused by the presence of 
mono- and diglycer ides .  F ina l ly ,  
Mat thes  and Schfitz (Arch.  Pharm. ,  
265, 541 ( 1 9 2 7 ) )  claim to have iso- 
fated hydroxyole ic  acid and dibro-  
mide  f rom the bromides  of the  
l iquid acids  by t r e a t m e n t  wi th  
pe t ro leum e the r  at  low tempera -  
tu re  and to have ob ta ined  pure  
hydroxyole ic  acid by reduc ing  th i s  
d ib romide  wi th  zinc. 

The au thors  recent ly  received a 
two- l i t e r  sample  of e rgo t  oil f rom 
the Drug  Control  Labora to ry ,  Food, 
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D r u g  and Insect ic ide Admin i s t r a -  
tion, Depa r tmen t  of Agr icu l tu re ,  
and on account of the m e a g e r  
knowledge r e g a r d i n g  the composi- 
t ion of the oil available in the  l i t-  
e r a tu re  it  was though t  wor th  while  
to make a r a the r  extensive exam- 
inat ion of it. The oil had been ex- 
t r ac ted  in the D r u g  Labora to ry  
wi th  pe t ro leum ether  f rom a com- 
posite sample of Russian,  Spanish,  
and Aus t r i an  ergot .  This  compo- 
si te sample of e rgot  contained 5.50 
per cent mois tu re  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 t r a n s m i t t e d  l ight ,  but  by re-  
flected l ight  t he re  was a dark  
brownish  yellow fluorescence. How- 
ever ,  other  samples of ergot  oil 
have been seen which had a l igh t  
yellow color. At  room t e m p e r a t u r e  
the oil was viscous but less so than  
castor  oil. A f t e r  s tanding  in the  
ice box (10~ ~ C.) for  a month  
it  became more viscous of course, 
but  did not deposi t  any s tear in.  

Chemical and Physical Charac- 

t e r i s t i c s . - -  The more impor t an t  
charac te r i s t i cs  were  de termined,  
and the resul ts  are repor ted  in  
Table I. The  iodine number  indi-  
cates tha t  i t  is a non-dry ing  oil, 
and the very  low Reicher t -Meiss l  
and Polenske numbers  show t h a t  
glycer ides  of volati le acids are  ab- 
sent. The acetyl value is low and 
indicates  tha t  hydroxyla ted  acid is 
not p resen t  in an appreciable quan- 
t i ty.  A second sample of oil ex- 
t rac ted f r o m  a different  lot of e rgo t  
gave an acetyl value of 11.0. The 
percentages  of sa tura ted  and unsat -  
u ra ted  f a t t y  acids were  de te rmined  
by the lead sa l t -e ther  method, and 
correct ions  were  made for  the small  
quan t i ty  of unsa tu ra ted  acids tha t  
separa tes  wi th  the sa tura ted  acids 
f rac t ion  as indicated by the iodine 
number  of the sa tura ted  acids f rac -  
t ion (J .  A. C. S. 42, 2398 (1920) ;  
Cotton Oil Press  6, No. 1, 41 
( 1 9 2 2 ) )  and it  was also taken into 
account tha t  the unsaponifiable 
m a t t e r  separates  wi th  the unsatu-  
rated acids f ract ion,  in this  de term-  
ination. 

TABLE I 

Ergot  Oil 

Chemical and Physical Characteristics 

Specific gravity 25~ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.9222 
Refractive index, 25 ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.4691 
Acid value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.02 
Iodine number (Hanus) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73.8 
Saponification value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  196.9 
Unsaponifiable matter  (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.18 
Acetyl value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.3 
Reichert-Meissl number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.3 
Polenske number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4 
Saturated acids as determined (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27.2* 
Unsaturated acids plus unsaponifiable matter  as determined ( % ) . .  68.6 
Iodine number of unsaturated acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101.2 
Saturated acids (corrected) (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26.5 
Unsaturated acids (corrected) (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68.1 

*Iodine number, 2.6 



March, 1928 OIL & FAT INDUSTRIES  87 

Unsaturated Acids.--The iodine 
n u m b e r  of the  u n s a t u r a t e d  acids  
f r a c t i o n  (101.2) l ies between the 
theore t i ca l  iodine number s  of  oleic 
acid  (90.1) and l inol ic  acid (181.4).  
The  saponif ica t ion value,  as  de ter -  
mined,  of t he  u n s a t u r a t e d  acids  
f r ac t i on  con ta in ing  the  unsaponif i-  
ab le  m a t t e r  is. 193.8. Making  al- 
lowance for  the  unsaponif iable  mat -  
t e r  the  saponif ica t ion value of the  
u n s a t u r a t e d  ac ids  becomes 197.2. 
Th i s  f igure  is close to the  theore t i -  
cal values  fo r  oleic acid  (198.65) 
and  l inolic acid  (200.1).  These  
da t a  indica te  t h a t  th i s  f rac t ion  of 
the  f a t t y  acids  consis ts  of oleic and 
l inol ic  acids. The fol lowing per-  
cen t ags s  were  calcula ted f rom the 
fo rego ing  .iodine numbers .  

s a t u r a t e d  acids,  and the saponifica-  
t ion values  of the  final f r ac t ions  
were  de te rmined ,  Columns 2 and 3 
of Table  I I I  g ive  the  resul ts .  F r o m  
these  da ta  the  mean molecular  
we igh t s  of the  s a t u r a t e d  acid es- 
t e r s  in each f r ac t ion  were  calcu- 
l a ted ;  the  resu l t s  a re  recorded in 
Column, 6, Table  I I I  (J.  A. C. S., 
42, 152, 1197 ( 1 9 2 0 ) ) .  The re- 
sul ts  in Column 6 indica te  wha t  
s a t u r a t e d  acid  es ters  may  be pres-  
ent  in the  va r ious  f rac t ions .  The 
resu l t  for  F r a c t i o n  1 l ies be tween 
the  molecu la r  we igh t s  of methyl  
m y r i s t a t e  (242.3) and methy l  pal-  
m i t a t e  (270.3) and  sugges t s  there-  
fore  the  presence of these  two es- 
ters .  The ind ica ted  cons t i tuen t s  
fo r  F r a c t i o n s  2 to 6 are  methyl  

Per cent 
Oleic acid . . . . . . . . . . . . .  87.84 
Linolic acid . . . . . . . . . . .  12.16 

Glycerides in 
In original oil original oil 

Per cent Per  cent 
59.8 62.5 

8.3 8.7 

100.00 68.1 71.2 

Saturated Acids . - -A quan t i t y  of 
s a t u r a t e d  acids, p r e p a r e d  by the  
lead sa l t - e the r  method,  was es ter i -  
fled wi th  methyl  alcohol (J.  A. C. 
S. 42, 1200 ( 1 9 2 0 ) ) .  The mix-  
tu re  of methyl  es ters ,  which  
we ighed  118 g., was  f r ac t iona l ly  
d is t i l led  under  d imin i shed  pres-  
sure.  The da ta  fo r  th is  d is t i l la-  
t ion  a re  given in Table  I I .  A pre-  
l i m i n a r y  d i s t i l l a t ion  f rom a 1-1iter 
Claissen flask resu l ted  in s ix  f rac -  
t ions  des igna ted  by  the  l e t t e r s  A 
to F,  and  a res idue.  These pre-  
l i m i n a r y  f r ac t ions  were  red i s t i l l ed  
f r o m  a 250 cc. L a d e n b u r g  flask 
as  ind ica ted  in the  table,  and seven 
f r ac t ions  and a res idue  were  ob- 
ta ined .  

The  iodine numbers ,  which a re  
measu res  of the  con t amina t i ng  un- 

p a l m i t a t e  and  methyl  s t ea r a t e  
(298.4),  and fo r  F r a c t i o n  7, me thy l  
s t e a r a t e  and methyl  a r a c h ida t e  
(326.4).  

The f ree  acids  were  recovered 
f rom some of these  f rac t ions ,  and 
the cons t i tuen t  s a t u r a t e d  acids  
were  i so la ted  by f r ac t iona l  c rys ta l -  
l iza t ion  f rom alcohol. T h e i r  iden- 
t i t i es  were  es tab l i shed  by  the i r  
me l t ing  po in ts  and  by  obse rv ing  
whe the r  or not  these  mel t ing  poin ts  
were  lowered  when the  subs tances  
were  mixed  w i th  equal quan t i t i e s  
of the  respec t ive  acids  which  they  
were suspected  of being,  the  pur -  
i ty  of which  had  been es tab l i shed  
p rev ious ly  by e l emen ta ry  anayls i s .  
In  all cases the  mel t ing  po in ts  of 
the  i sola ted  acids  confirmed the  de- 
duct ions  d rawn  f rom the mean  
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molecular  we igh ts  of the f ract ions .  
Pu re  myr i s t i c  acid was isolated 

f rom F r a c t i o n  1; pure  palmit ic  
acid was obtained f rom Frac t ions  
1 and 3; s tear ic  acid, f r o m  Frac-  
t ions 2 and 3;  and arachidic  acid, 
f rom Frac t ion  7 and f rom the final 
residue. This  residue, however,  
was composed most ly of decompo- 
sit ion products  and was not taken 
into account in calculat ing the 
quant i t ies  of sa tu ra ted  acids. 

The quant i t i es  in the var ious 
f rac t ions  were  calculated f rom the 
mean molecular  we igh ts  of the 
sa tu ra ted  acid es ters  (Col. 6, Table 
I I I ) ,  and the theoret ica l  molecular 
weights  of the two esters  in each 
f ract ion.  The resul ts  are given in 
Columns 7-14, Table III .  The 
sa tu ra ted  acids data  are summed 
up in Table IV, and the equivalent  
percentages  of  glycerides in the 
or ig inal  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 ram. pressure 

Fraction Temperature Weight 

Fractions A and B redistilled . . . . . . . . . . . .  

Fractions C and D added . . . . . . . . . . . . . .  

Fraction E added . . . . . . . . . . . . . . . . . . . .  
Fraction F and residue added . . . . . . . . . .  

~ g. 
A 183-5 19.9 
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 
1 183-4 6.8 
2 185-7 23.0 
3 188 23.7 
4 188 23.5 
5 190-5 22.0 
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 

_2 = 
z 

1 1.2 211.3 
2 0.7 206.9 
3 1.3 205.5 
4 1.3 204.9 
5 3.6 201.3 
6 6.9 193.4 
7 12.6 180.7 

Saturated Acids 

;.9. 5 

o ~ Myris t ic  Fa lmi t i c  Stear!c  Arachidic  
~ Acid Acid Acid Acid 

= ~ ' ~  ~ - ~ - - - - - ~  ,_._.----~ . . . .  ~___- - -~-_  --~___--~ 
~:  u ~ ~ ' ~  

~ ~ % g. % g. % g. % g. 

265.5 1.24 265.1 17.28  1.18 7 6 . 2 5  5.18 . . . . . . . . . . . . . . . .  
271.1 0.73 2 7 1 . 0  . . . . . . .  91.79 21.11 2.35 0.54 . . . . . . . .  

2 7 3 . 0  1.35 2 7 2 . 9  . . . . . . .  84.88 20.12 8.70 2.06 . . . . . . . .  
2 7 3 . 8  1.35 2 7 3 . 5  . . . . . . .  82.88 19.48 1~.71 2 .52  . . . . . . . .  
2 7 8 . 7  3.73 278 .1  . . . . . . .  65.95 14.51 2 5 . 4 7  5.60 . . . . . . . .  
290.1 7.16 289.6 . . . . . . .  2 7 . 5 7  3.42 6 0 . 7 7  7.54 . . . . . . . .  
310.5 13.07 312.9 . . . . . . . . . . . . . . .  39.94 2.48 43.09 2.67 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.18 . . . .  83.82 . . . .  2 0 . 7 4  . . . .  2 . 6 7  
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TABLE IV 
Ergot Oil--Saturated Acids 

Acids in saturated Acids in Glycerides in 
acid fraction 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: 

Per cent I 62.5 
8.7 

Glycerides of . . . . . . . . . . . . . .  j 0.3 
21.5 

5.3 
0.7 

Unsaponifiable matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.2 

I t  was not possible to detect in this  oil e i ther  da tu r i c  acid or hydroxy- 
lated acid, which have been reported as present  by other invest igators .  

Oleic acid . . . . . . . . . . . . . . . . . . .  
Linolic acid . . . . . . . . . . . . . . . . . .  
Myristic acid . . . . . . . . . . . . . . . .  
Palmitic acid . . . . . . . . . . . . . . . . .  
Stearic acid . . . . . . . . . . . . . . . . .  
Arachidic acid . . . . . . . . . . . . . . .  

Book Reviews 
Fats and Oils Studies 

of the 
Food Research Institute 
THE FOOD RESEARCH INSTITUTE 

of S tanford  Univers i ty ,  Cal ifornia,  
announces  its second series of in- 
ves t iga t ions  in commodity econom- 
i c s - t h e  Fats and Oils Studies. 

The whole subject  of fats  and 
oils is of large and increas ing  im- 
portance.  Or ig ins  and uses are 
s t r ik ing ly  diverse, and the var ious 
fats  and o i l s  are technically in ter-  
changeable to a remarkable  degree. 
Marked changes have occurred and 
are still  occurr ing in production,  
manufac tu re ,  consumption,  in ter -  
na t iona l  trade,  and price relat ion-  
ships. Pa r t l y  as a result  of these 

changes, broad quest ions of public 
policy have arisen,  especially with 
respect to agr icul ture ,  food laws, 
and tariffs.  The fats  and oils con- 
s t i tu te  a field peculiar ly adapted to 
organized research by a group like 
the Food Research Ins t i tu te ,  equip- 
ped to handle technological as well 
as economic and s ta t i s t ica l  prob- 
lems. 

For  the present,  Fats and Oi!s 
Studies will be published as books 
and pamphlets  of va r y i ng  length,  
identical  in format .  Ord ina ry  
s tudies  will cover 100-200 large 
octavo pages, and will be sold at 
prices of $1.00, $1.50, and $2.00. 
Each s tudy will cons t i tu te  an ade- 
quate considerat ion of a selected 
topic, bu t  necessary in terdepen-  
dence of studies makes for  a homo- 


