
JULY, 1959 LINK ET AL.: GAS-LIQUID C~IR0)/IATOGRAPtIY 303 

acetates. A slight change in the composition will be 
effected by converting these values to the original 
acids and alcohols. 

Conclusions 
Gas-liquid chromatography has been shown to be 

applicable to the analysis of fat ty alcohols. Through 
the use of polyester columns these alcohols have been 
separated according to chain length and degree of 
unsaturation. A study has been made of the relation- 
ship between peak areas of the ehromatograms and 
the actual weight percentages of the four  C18 alcohols 
found in the fatty alcohols derived from linseed oil. 
Fa t ty  alcohols, prepared from soybean, linseed, and 
sperm oi l  have been prepared and analyzed by the 
proposed procedure. 

Craig and Murty (1) have recently reported that 
polyesters based on succinic acid are preferable for 

the liquid phase of the chromatographic column to 
those made from adipic in that they afford a better 
separation of methyl stearate from methyl oleate. 
Conversely adipic columns gave a more effective sepa- 
ration of the esters of linolenie and arachidic acids. 

The application of these polyesters to the analysis 
of fa t ty  alcohol acetates is expected to improve their 
separation in a similar fashion, but further work is 
indicated in the search for a liquid phase that will 
permit both separations in the minimum time. 
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The Occurrence of Higher Fatty Acids in Corn Pollen 1'2 
C. R. BARR, C. D. BALL, and H. M. SELL, Departments of Agricultural Chemistry and Chemistry, 
Michigan State University, East Lansing, Michigan 

I 
N RECENT YEARS the lipide constituents of pollen 
have been the subject of several investigations. 
From the ether extracts of corn pollen Anderson 

(1) isolated a mixture of two phytosterol palmitates, 
a saturated hydrocarbon, a Cs0-saturated alcohol, and 
a phosphatide. Previously Miyake (2) reported the 
presence of phytosterol. A summary by Lunden (3) 
reports the occurrence of other acids, hydrocarbons, 
and sterols in the pollen of other plants. Since little 
information is available on the fat ty acid content of 
corn pollen, a study was made to identify these lipides 
in the saponifiable fraction of corn pollen. 

Two kg. of freshly collected corn pollen, Zea mays 
(variety Ohio M-15 hybrid field corn), were placed 
in a 5-liter flask. The pollen was covered with ethyl 

1 T h i s  inves t i ga t ion  w a s  s u p p o r t e d  by a g r a n t  f r o m  the  N a t i o n a l  
Setence Founda t ion .  

2 J o u r n a l  Ar t ic le  No. 2139 of t he  M i c h i g a n  A g r i c u l t u r a l  E x p e r i m e n t  
Stat ion.  

ether and permitted to stand for a day at room tem- 
perature. Periodically during extraction the ether 
was kneaded into the dough-like mass of pollen. The 
extract was then decanted and replaced with fresh 
ether, and this procedure of extraction and decanta- 
tion was subsequently repeated at daily intervals 
until 10 fresh portions of ether had been used for 
each flask of pollen. The combined ether extracts 
were concentrated by distilling off the ether. The 
last traces of solvent were removed by evacuating the 
flask containing the extract. From 7.89 kg. of pollen 
were obtained 304 g. of ether-soluble oil. 

The saponifiable fraction was obtained by refluxing 
a solution of the lipides (214.6 g.) in 400 ml. of 1.5 N 
ethanolic potassium hydroxide for 8 hrs. The hy- 
drolyzate was diluted with 1,600 ml. of water, and the 
unsaponifiable fraction was removed by extraction 
with Skellysolve " B . "  Acidification of the aqueous- 
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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 

F. R. EARLE, E. H. MELVIN, L. H. MASON, C. H. V A N  ETTEN, I. A. WOLFF, 
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. 


