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ethanolic phase with concentrated hydrochloric acid 
to pH 3, subsequent extraction with ethyl ether, and 
removal of the ether by distillation under  reduced 
pressure in an atmosphere of carbon dioxide yielded 
112.4 g. (52%) of crude fa t ty  acids. 

The methyl esters were prepared by refluxing a 
solution of 112.4 g. of the fa t ty  acids in 250 ml. of 
absolute methanol, containing 5% sulfuric acid (by 
weight) for  6 hrs. Removal of the methanol by dis- 
tillation in  vacuo  gave a residual oil, which was di- 
luted with 300 ml. of water and neutralized with a 
10% sodium bicarbonate solution. The neutral  solu- 
tion was extracted with ethyl ether, the ether extracts 
were washed with water and dried over anhydrous 
sodium sulfate, and the solvent was removed under  
reduced pressure, giving 105 g. of crude methylated 
f a t ty  acids. 

The crude methyl  esters were fract ionated in an 
electrically heated, 24-in. Stedman column equipped 
with a D. M. Smith still head. Five fractions were 
collected at temperatures  between 155-184~ at 2-3 
ram. of pressure with a reflux ratio of 10:1. The 
iodine absorption number  (Wijs  method) (4), saponi- 
fication equivalent (5), and refractive index (n 25/D) 
of each fract ion were determined. 

Each fract ion of the distilled esters was saponified, 
and the fa t ty  acids were separated by the lead salt- 
ether procedure (4). The saturated f a t ty  acids were 
identified by their p-bromophenacyl-derivativcs (5) 
and the unsaturated f a t ty  acids by their  hydroxy-  
(6) or bromo- (7) derivatives. The p-bromophenacyl 
esters were recrysta]]ized from ethanol and the dihy- 
droxy acids f rom ethyl acetate. Fract ionat ion of the 
bromo-derivatives was accomplished f rom their  dif- 
ferent  solubilities in petroleum ether, ethyl ether, 
and benzene. The tetrabromo acids were recrystal- 

lized f rom ethylene dichloride and the hexabromo 
acids f rom dioxane. 

In  corn pollen the saponifiable material  was found 
to represent 52% of the ether extracts. The lipides 
of corn pollen thus contain large amounts (48%) of 
unsaponifiable materials;  this value is much greater  
than has been reported for  corn oil (8). Results of 
the fractionation of the methyl  esters f rom the sa- 
p onifiable material  in corn pollen and the physical 
and chemical characteristics used in ident i fying the 
f a t ty  acids are shown in Table I. Palmitic acid was 
identified in fractions 1, 2, and 3; linoleic (9:10-, 
12:13-octadecadienoie) acid in fractions 2, 3, and 5; 
oleic (9:10-octadecenoic) acid in fractions 3 and 4; 
stearie acid in fractions 4 and 5 ; and linolenic (9 : 10-, 
12:13-, and 15 : 16-octadecatrienoic) acid in fractions 
4 and 5. 

Summary  
The methyl esters of the fa t ty  acids of corn pollen 

were prepared and fract ionated through a Stedman 
column. Palmitic, stearic, oleic, linoleie, and linolenic 
acids were identified by the melting points of the 
p-bromophenacyl esters of the saturated acids and the 
hydroxy  and bromine addition compounds of the  un- 
saturated acids. 
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Search for New Industrial Oils. 

24 Plant Families 

I. Selected Oils from 
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Northern Regional Research Laboratory, 1 Peoria, Illinois; and Q. JONES, Crops 
Research Division, 2 Beltsville, Maryland 

A EXTENSIVE PROGRAiV[ has been initiated in the 
U. S. Depar tment  of Agriculture (12) to search 
for new industr ial  raw materials among the 

many plants that  have had little or no s tudy of their  
chemical eonlpositiou. Ideally such raw materials 
would fill a present or anticipated need and would 
not be in competition with presently grown crops, 
especially those now in surplus supply. Examples of 
prefer red  products f rom major  plant constituents are 
cellulosic fibers for  the paper  industry,  proteins for  
feed and industrial  use, vegetable oils of special com- 
position, and useful polysaeeharides other than starch. 

~Ttlis "is a l abora tory  of the Nor thern  Utilization l~eseareh and 
Development Divisi(m, Agr icu l tura l  Research Service, U. S. Department 
of Agricul ture.  

'~ Agr icu l tura l  Research Service, U. S. Depar tment  of Agricul ture .  

Insecticides, alkaloids, waxes, essential oils, and many 
other constituents of potential  value may also be found 
as the program develops. 

In  one phase of the screening research, seeds from 
many species have been analyzed for  moisture, ash, 
protein, and oil and have been tested qualitatively for 
starch, tannin, and alkaloids. The protein, oil and 
starch analyses indicate major  components;  the re- 
maining tests give supplementary information with- 
out any great increase in the time required for  an- 
alysis. Limit ing the var ie ty  of analyses performed 
init ially permit ted examination of an increased num- 
ber of samples even though such limitation might 
result  in incomplete identification of, or sometimes 
failure to find, components of special interest. 
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Oil has a higher value per pound than protein or 
starch, the other common major  components of seeds, 
and is used in many applications in modern industry.  
Uses change with the years. Present  trends indicate 
increasing use of oils as sources of chemical inter- 
mediates that  can be purified and processed into 
products of controlled quality. Desired oils for  proc- 
essing might provide either a high concentration of 
one of the common, well-known acids or a suitable 
concentration of a less-common or presently un- 
known acid having s t ructure  suitable for  the prep- 
aration of useful derivatives. Examples o~ such 
structures include oxygenated acids (hydroxylated,  
ketonic, or epoxidized), unusual  unsaturat ion (con- 
jugated, aeetylenic, or position isomers), branched 
or cyclic acid% and combinations o~ these structures. 

Oils were prepared for characterization from spe- 
cies found in the prel iminary screening to contain 
more than 20% seed oil. Among the first 621 seed 
samples analyzed, there were 119 such samples rep- 
resenting 92 species. Oils f r o m  86 species have been 
analyzed by methods that  give an adequate repre- 
sentation of the composition of many oils and detect 
unusual composition in many others. Composition 
of Mls f rom only 21 of these species is reported in 
the reference works of Hilditeh (6) and Eckey (4). 
The present work is minuscule when compared with 
the estimated total of 250,000 species of higher plants 
but is quite s~g~ifieant when compared with our pres- 
ent knowledge of the chemical composition of plants. 

Results of studies on 42 species are presented in 
Table I. Selected seed oils from the Compositae 
family and oils having high iodine values are re- 
ported separately (2, 3). Oils from the Umbelliferae 
and Cruciferae require fu r ther  s tudy before charac- 
terization is sufficiently complete for publication. 

Materials and Methods 

Seed samples for  the present s tudy were obta ined 
from numerous sources, including the repositories of 
the New Crops Research Branch, commercial seed sup- 
pliers, various State Agricul tural  Exper iment  Sta- 
tions, and collections from wild plants. 

In preparat ion for analysis for total oil and protein 
content, seeds were freed of foreign material, dam- 
aged seeds, and such low-oil material as glumes and 
shells by means appropriate  to the samples. Often 
tedious hand-separation was required. Larger  sam- 
ples to provide approximately 4-10 g. of oil for  
characterization were cleaned in a similar manner  but  
not always so thoroughly. 

There are no s tandard methods of analysis for  most 
of the seeds examined. Samples were usually ground 
in a 6-in. hammer mlll through a screen with~6-~n. 
round perforations or in a small buhr  mill. Nitrogen 
was determined by the A.O.C.S. procedure (1) ex- 
cept that  the ammonia was received in boric acid. 
Oil was determined by a 6-hr. extraction with petro- 
leum ether (boiling range 30~176 in the But t  
apparatus,  with a few samples being reground in a 
mortar  dur ing the extraction. The solvent was re- 
moved first under  nitrogen, then in a vacuum oven 
at 70~ Iodine values, refractive indices, polyun- 
saturated acids, and oxirane oxygen were determined 
by A.O.C.S. methods (1). Saponification value and 
hydroxyl  content were determined by the micro 
methods of Van Et ten  (11) and Ogg, Porter ,  and 
Willits (10), respectively. A qualitative test for  

carbonyl was made with m-dinitrobenzene (5). In- 
f ra red  spectra were obtained from films of oil on 
silver ehloride plates. Gas chromatography of the 
methyl esters utilized a liquid phase of Apiezon L in 
a 2-ft. column at 230 ~ to 240~ These conditions 
permit ted indication of the esters of aeids up to C22 
and C24 but did not permit  separation of individual 
acids of the same ehMn-length. Identifieation of 
chain-length is based only on the time required for 
elution. Results are calculated as methyl  ester in the 
recovered esters r a t h e r  than as acids in the original 
oil. Only esters moving at rates differing f rom those 
of the esters of the common C16 and Cls ac ids  are 
reported in Table I. 

Discussion 
The number of oils containing unusual  acids or 

giving evidence of reacting abnormally in the deter- 
mination of polylmsaturated acids offers hope that  
new oils of useful composition will be found in our 
screening program. 

The coneentrations of conjugated trienoic acid in 
oils f rom Valeriana officinalis [43] a and from Momor- 
dica balsamina [15] are suffieiently high to warrant  
fu r ther  s tudy and evaluation of the oils although an 
at tempt  to inerease the concentration of these uusatu- 
ra ted acids by breeding appears desirable. Similarly 
the apparent  linoleic acid eontent of the oils from 
Broussonetia papyrifera [24] and Macleaya cordata 
var. japonica [27] is high enough to indicate possible 
usefulness of the oils in applications depending on 
the reactions of linoleie acid. Five additional oils 
containing 65 to 69% of apparent  linoteie acid might 
also be suitable for  direct use. Oils f rom Sanguisorba 
minor [36J and from the four  members of the borage 
family [3-6] contain sufficient apparent  linolenie aeid 
to suggest that  they might serve as dry ing  oils. 

Oils indicated as having major  amounts of aeids 
not classified by the analyses performed inelude those 
from Limnanthes douglasii [22], in which practi- 
cally all the aeids move more slowly than linolenie 
acid in the chromatographic column, and f rom Thalic- 
trum polycarpum [35], which contains some eompo- 
nent  that  interferes seriously with the determination 
of polyunsaturated acids. Negative values for  satu- 
rated acids in oils f rom Polemonium caeruleum [31] 
and Penstemon spectabilis [41] are obviously incor- 
reet and may indieate interference by unknown mate- 
rials or a for tui tous accumulation of errors. The high 
pereentage of monoene in Sterculia foetida [42] is 
probably mostly sterculie acid (6). The slow com- 
ponent in oil f rom Ceiba acuminata [2] may also be 
stereulie acid because the oil, like Sterculia oil, gives 
a positive Halphen reaetion and shows absorption in 
the inf rared at 9.9 /,. 

Additional evidenee of unusual  constituents in oils 
is provided by a plot of refractive index against iodine 
value (Figure  1). The regression equation, 

I.V. = 8555.559 ,74~ - 12425.928, 

was obtained by the method of least squares from 
data on oils f rom 70 speeies of  plant seeds, including 
36 of the 42 species in Table I. Oils were omitted 
f rom the calculation if  they were reported in the 
l i terature to contain unusual  acids or if they devi- 
ated widely from the 70 speeies comprising the main 
body of the present data. The equation is in excellent 

l~igures in brackets refer to the species as listed in Table I. 
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FIG. 1. R e l a t i o n  b e t w e e n  i o d i n e  v a l u e  a n d  r e f r a c t i v e  i n d e x  
f o r  o i l s  f r o m  42 p l a n t  spec i e s  f r o m  24 f a~ l i l i e s .  

agreement with lines reported for soybean oil (8) 
and linseed oil (7, 9, 13). 

The two points farthest from the line in Figure 1 
represent oils from Momordica balsami~a [15] and 
Valeriana officinalis [43], both of which as already 
mentioned were found to contain conjugated triene. 
The three other points that deviate distinctly repre- 
sent oils which give a positive qualitative test for 
carbonyl (5). However infrared absorption shows 
carbonyl only in oils from Chelone barbara [37] and 
Penstemon spectabilis [41]. 

The many indications of small amounts of apparent 
linolenic acid cannot be accepted as conclusive evi- 
dence until eonfirnled by independent methods. Al- 
though precautions were taken to prevent oxidation 
during preparation of the oil, they may not have been 
adequate; the traces of triene may be artifacts de- 
rived from oxidized acids. Similarly the numerous 
occurrences of low percentages of conjugated acids 
require confirmation although their presence prob- 
ably will have little effect on industrial uses of the 
oils. 

Analyses for oxirane oxygen gave results indicat- 
ing small amounts in many oils and a large amount 
in Sterculia oil. The result for Sterculia oil is spuri- 
ous; presumably the cyclopropene ring adds HBr. 
The occurrence in other oils requires confirmation. 

Many of the oils exhibit light absorption in the 
infrared region characteristic of hydroxyl, but there 
is no differentiation between fatty acid hydroxyl and 
glyceryl hydroxyl. In only three oils, Anemone coro- 
naria [32], Nigella hispanica [33], and Penstemon 
spectabilis [41], did chemical analysis confirm the 
infrared indication. The quantities found, equivalent 
to 5 to 11% of ricinoleic acid, are of interest pri- 
marily as a guide to plant families that may contain 
larger amounts of hydroxylated compounds. 

The unusually high saponification value of Euony- 
mous alatus [10] is in agreement with reports on 
oils from other nlembers of the Celastraceae family 
shown to contain esters of formic, acetic, and benzoic 
acids (4). These acids are not indicated by any other 
of the tests applied. Failure to detect them by gas 
chromatography may indicate that they were lost in 
the preparation of the methyl esters. 

The indication of nonconjugated tetraene in An- 
chusa capensis [3] and Cynoglossum amabile [6] is 
of no immediate industrial importance but may con- 
stitute the first report of such acids in vegetable oils. 

Summary 
The group of analyses used in this preliminary 

screening of oils has proved capable of indicating 
many seed species that contain oils of unusual or un- 
known composition. Some of the oils arc character- 
ized sufficiently to suggest probable commercial uses; 
others give no evidence of properties that would lead 
to their use while present commercial oils are in 
adequate supply. Still other oils are shown to have 
unknown composition, which must be determined be- 
fore their potential value can be judged. The study 
as yet contains too few species to generalize about 
the relationship between botanical classification and 
oil composition. I t  does however provide numerous 
leads in the search for oils of industrial value. 
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