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Abstract 
The detection of trace fatty acids (<0 .1%) 

in a fat or oil by gas-liquid chromatography is 
possible when the methyl esters are fraetionated 
with urea to provide a number of less complex 
fractions. Identification and estimation of trace 
fatty acids is simplified by quantitative removal 
of other fat ty acids having similar gas chro- 
matographic retention times. A detailed knowl- 
edge of the order in which inclusion compounds 
are formed was obtained by fraetionating a com- 
plex mixture of marine and vegetable fat ty acids. 
In addition, lanolin was fractionated to deter- 
mine the preferential order in which saturated, 
branched chain (iso-, anteiso-) and hydroxy 
acids form inclusion compounds. Using urea 
fraetionation and gas chromatography, 52 trace 
fatty acids were tentatively identified in butter, 
30 in lard, and 26 in walnut oil. 

Introduction 

A L T H O I J G I I  GAS-LIQUID C t I R O M A T O G R A P I t Y  (GLC) is 
a powerful analytical tool for determining the 

fatty acid composition of fats and oils, it does not 
achieve complete resolution of all fat ty acids, both 
major and minor, so that they can be qualitatively 
determined from a single ebromatogram. The detec- 
tion of C~0 and higher molecular weight trace fat ty 
acids present in a complex oil is made difficult by the 
presence of other high molecular weight fat ty acids 
which elute with increasing peak widths as the reten- 
tion time increases. Also, the presence of C16 to C2o 
trace fatty acids is masked by major fat ty acid peaks. 
The need for fractionation of complex mixtures prior 
to GLC is clearly indicated. Such fractionations have 
been carried out successfully by urea eomplexing, a 
technique that is not destructive and requires only 
simple equipment and inexpensive reagents. Urea 
fraetionation has been used in this laboratory to de- 
tect the minor fatty acids of peanut oil (1) and 
olive oil (2). 

Formation of inclusion compounds by eomplexing 
with urea is widely used in the analysis of fats and 
oils, often without a precise knowledge of the pref- 
erential order in which fat ty acids are eomp]exed 
with urea. Inclusion compounds are formed by urea 
" h o s t "  molecules joining together to form a spiral 
" t r a p "  around a fat ty acid or ester "gues t "  mole- 
cule. Inclusion cmnpounds are formed more readily 
with increasing fat ty acid chain length, and with 
greater difficulty as the chain adds unsaturation, 
branching, and hydroxyl or other functional groups. 
Excellent :reviews of inclusion compounds and their 
use in the separation of fat ty acids have been pre- 
sented by Swern (3,4). Sehlenk's (5) data point out 
some of the separations which can be achieved with 
urea. Dissociation temperatures of urea complexes 
depend upon the stability of the inclusion compounds 

1 Presented at the AOCS Meeting in New Orleans, 1964. 
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at higher temperatures and indicate the order of sta- 
bility of urea complexes (3,6,7}. It  is impossible to 
predict precisely the preferential order in which urea 
forms inclusion compounds with fatty acids in a 
complex mixture. 

Patton et al. (8) used polar and nonpolar GLC 
columns to detect 17 fatty acids present in milk. GLC 
would not resolve the traee fatty acids known to he 
present in milk (8-12). Herb et al. (13) collected 
fractions from a nonpolar GLC column and gas chro- 
inatographed them on a polar column, detecting 29 
fatty acids in lard. Magidman et al. (14) used dis- 
tillation and silicic acid chromatography to obtain 
tess complex fractions, detecting 64 fat ty acids in 
cow's milk. The milk fat fractions were gas ehro- 
matographed on two polar colmnns of different po- 
larity. I f  the relative retention time of a peak agreed 
with known references, the assigned identity was 
considered correct. Sen and Schlenk (15) determined 
the fat ty  acid structure of mullet oil by using dis- 
tillation followed by gas chromatography. 

The present paper describes the use of urea frac- 
tionation followed by GLC for analysis of a complex 
mixture of marine and vegetable fat ty acids, lanolin 
(degras) fat ty adds, butter, lard, and walnut oils. 
The complex mixture of marine and vegetable fat ty 
acids and the lanolin fat ty acids were fraetionated 
with urea to establish the order in which 25 common 
fat ty acids, branched acids, and hydroxy acids formed 
urea inclusion compounds. A standard urea fraetiona- 
tion procedure was then used to determine the fat ty 
acid composition of butter, lard, and walnut oil with 
particular emphasis on the trace and unusual fat ty 
acids present in these oils. 

Experimental 
Sample preparation 

Tile complex mixture of marine and vegetable fat ty 
acids was prepared by nfixing appropriate amounts 
of commercially available menhaden, herring, sardine, 
coconut, jojoba, olive, and peanut oils. The marine 
oils contributed a wide variety of long chain unsatu- 
rated fatty acids to the mixture, jojoba contributed 
C2o and C22 monoene acids, coconut oil contributed 
short chain saturated fat ty acids, peanut oil con- 
tributed long chain saturated fat ty adds, and olive 
oil contributed additional linoleie acid. 

Lanolin (USP),  sweet cream butter, lard (anti- 
oxidant free and without added stearin or hydrogen- 
ated lard), and French walnut oil were obtained from 
commercial sources. 

The complex mixture and the other samples were 
saponified and the unsaponifiables extracted with 
ethyl ether according to AOAC method 26.049 (16). 
The soaps were acidified with HC1 and the fat ty acids 
extracted with diethyl ether-petroleum ether (1 + 1). 
Petroleum ether was redistilled through glass (BP 
30-60C). The extract was dried with anhydrous so- 
dium sulfate, and the solvent was evaporated on a 
steam bath. The last traces of solvent and moisture 
were removed on the steam bath under a vacuum of 
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TABLE I 

I so thermal  Gas  Chromatographic  Ana |yses  of 
Methyl Ester Mixture and Applications of 
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Acid True 
wt., % Uncorrected 

peak area 

Reference F a t t y  Aci4 
Correction Fac to rs  a 

Found % 

Mixture  
1 6 : 0  
18 ;0 
18 :1  
18 :2  
18 :3  

Mixture  
12 :0  
1 4 : 0  
1 6 : 0  
1 8 : 0  
2 0 : 0  
2 2 : 0  

A d 

B e 

:~¢Iolecular Square root 
~vt.~ 

correctionb correctione 

20.00 19+79 18,42 19.10 
20.02 18.62 19.13 18.87 
19.99 20.78 21,21 20.99 
20,00 21.27 21.56 21.42 
19.99 19.54 19,68 19.61 

11.49 10.49 7,42 8+48 
10,86 10,51 8+44 9+50 
11.90 11.86 10,58 11+28 
14.20 15.09 14.87 15,09 
22.16 23.32 25.13 24,56 
29.38 28.69 33,56 31.25 

a Average  of t r ip l ica te  analyses wi th  ~ 2 %  precis ion.  
b y .  ~ +  Corr. z (M. W. Methyl E s t e r / M .  W. Methyl S t e a r a t e ) X  

Area of Methyl Es ter  Peak. 
¢ Sq. root  M. V,L Corr ---- Area X (M, W. Methyl S t e a r a t e ) ~ / s / ( M ,  W. 

Methyl Ester)l/'- '. 
a Purchased  from the Horme] :Institute, Aust in ,  Minnesota,  
eWeighed  from i n d i v i d u a l  Hormel  s tandards .  

6-10 mnl Hg. The f a t ty  acids were converted to 
methyl  esters by the BFa method (17) and extracted 
with ethyl ether-petrolemn ether (1 + 1), and the 
solvent was evaporated on the steam bath  under  
v a c u u m +  

U r e a  t ' r a c t i o n a t i o n  of  Complex  M i x t u r e  of  M a r i n e  a n d  
V e g e t a b l e  :Fa t ty  A c i d s  

A total of 250 g of methyl  esters was separated into 
25 fractions by a modification of the s tandard  urea  
fraet ionat ion (see below). The complex f a t ty  acid 
composition of this mixture  required addit ional frac- 
tions to establish the preferent ial  order in which 
inclusion complexes were formed. The rat io of esters 
to solvent was kept  constant at approximate ly  1 to 
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2, 10, 19, 22, and 25 f rom a complex mix tu r e  of mar ine  and 
vege tab le  f a t t y  acids.  F R  ~_~ u rea  cmnplexed f rac t ion .  

20. This necessitated reducing the total  volume a f t e r  
each fract ionat ion by evaporat ing the filtrate on a 
steam bath under  nitrogen. 

U r e a  P r a c t i o n a t i o n  of  L a n o l i n  

Thi r ty  grams of methyl  esters were separated into 
15 fractions by a modification of the s tandard  urea  
fract ionat ion procedure s tar t ing  with a solution con- 
taining 50 g of urea in 6,000 mI of methanol. Fo r  
fractions 2-5, no addit ional urea  was added but  the 
volume of filtrate was reduced by about 1,500 ml af ter  
each fract ionation so tha t  the filtrate f rom the 5th 
fract ion contained about 1,200 ml. Fract ions  6-10 
were obtained by addit ion of 15 g of urea  to the 
previous filtrate, followed by  evaporat ion of about 
125 ml of solvent oil the steam bath  pr ior  to cooling 
and crystallization of adduct. Fract ions 11 and 12 
were obtained from 600 ml of filtrate by adding 100 g 
of urea pr ior  to each fraetionation.  Fract ions  13 and 
14 (final adduet  and filtrate, respectively) were ob- 
tained f rom the filtrate of fract ion 12 by eornplexing 
with excess urea  as described below. 

S t a n d a r d  F r a c t i o n a t i o n  P r o c e d u r e  f o r  
B u t t e r ,  L a r d  a n d  W a l n u t  Oi l  

A 25 g mixture  of methyl  esters was dissolved in 
400 ml of methanol, 25 g of urea  was added, and the 
mixture  was heated with in termit tent  s t i r r ing unti l  
the urea dissolved. The solution was held at  room 
tempera ture  for 3 to 4 hr, with in termit tent  s t i r r ing 
dur ing the first 1/~ hour to permit  the complex to 
crystallize and equilibrate at room temperature .  The 
urea-complexed esters were removed by  filtration 
through a stainless steel powder funnel  holding a 
pledger of pyrex  wool and  were rinsed two times with 
10 ml portions of urea-saturated methanol. The ad- 
duct  esters were recovered by breaking the complex 
with 150 ml of 1% HC1 solution, t rans fe r r ing  the 
methyl  esters into a separa tory  funnel  with 50 ml of 
methyl  alcohol, and extract ing with 150 ml of petro- 
leunl ether. The methyl  esters were extracted a second 
time from the aqueous phase with a 150 ml port ion of 
ethyl ether and finally with a 150 ml port ion of petro- 
leum ether. The esters were washed free of acid with 
small (10 ml) portions of distilled water  and dried 
with anhydrous  sodium sulfate;  the solvent was evap- 
orated on a steam bath, and the last traces of solvent 
and  moisture were removed under  a vacuum of 6-10 
mm Hg. The esters were cooled and weighed to ob- 
tain fract ion 1. 

Frac t ion  2 was obtained by  adding 20 g of urea  
to the filtrate f rom fraction 1 ; nlethanol was added if 
necessary to mainta in  a constant volume of about 425 
ml. The sample was heated, stirred, cooled, and fil- 
tered as above to obtain fract ion 2. Fract ions  3-7 
were obtained in a similar manner.  

An 8th and a 9th f ract ion (final adduct  and filtrate, 
respectively) were obtained af ter  recovery of the 
esters in the filtrate f rom fract ion 7. The filtrate was 
t ransfer red  to a 1,000 ml separa tory  funnel,  400 ml  
of 1% HC1 was added, and the esters were extracted 
as above. These esters were eomplexed with excess 
urea by adding 10 par ts  of urea (passed through a 
No. 30 sieve), 3 par ts  of methanol, and 1 pa r t  of 
esters, warming to 50C on a steam bath, and s t i r r ing 
vigorously for 30 sec. The mixture  was st irred again 
af ter  5 rain, removed from the steam bath, and st irred 
four  addit ional times while cooling to room tempera-  
ture. Af te r  final st irring, the complex was allowed 
to s tand at room tempera ture  for  4 hr. The mixture  
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was then filtered through a medium porosity f r i t ted 
glass Buehner funnel. The adduct  was washed 3 
times with 25 mt of urea-saturated methanol, and the 
washings were saved. The final adduct  (fraction 8) 
was recovered in the same manner  as fraction 1. The s:o by 1.2 

1 0 : 0  hy 2.2 
final filtrate (fraction 9) was recovered in the same 12:0br o.s 
manner  as the filtrate esters from fraction 7. 12:o o.7 1 2 : 0  i 0 ,1  

13:0 ~ 0.1 
Hydrogenation 13 :o a < 0.I  

1 4 : 0  2.2 

A portion of each fraction was hydrogenated at 14:0i 1.5 14:0 hy b 
room temperature  for 20 min in a Part" reaction 15:o o:5 
apparatus  (Pa r r  instrument  Company, Moline, Ill.) 1615 :o:° a 3.31"0 

at a pressure of 50 psi of hydrogen. One par t  of 10% 16:oi 2.4 
palladium on charcoal catalyst was used to 10 parts  of 
sample dissolved in 10 volumes of absolute methanol. 

Gas Chromatograhy 

An Aerograph dual column gas chromatograph, 
Model A-350B, with thermal conductivity cell was 
used for the analyses. Two well-conditioned 1/4 in. 
by 6 ft  aluminum columns packed with 20% (w/w) 
polydiethylene glycol suceinate (DEGS)  on acid- 
washed Chromosorb W (80-100 mesh), and two ~ a  
in. by 9 f t  aluminum columns packed with 8% (w/w) 
Apiezon L on Chromosorb P (60-80 mesh) were used. 
The instrument  was either operated isothermally or 
programmed, or a combination of both techniques was 
used depending on the part icular  need. 

Identification 

Chromatographic peaks were identified by (a) com- 
par ing logarithmic plots of retention time against 
chain length with plots obtained from known stan- 
dards, (b) comparing ehromatograms of nonhydro- 
genated and hydrogenated samples, and (e) injecting 
known standards or previously identified secondary 
standards with the fract ion and establishing identities 
by observing increases in peak area. In  addition, 
branched chain and hydroxy acids in lanolin were 
tentatively identified by using (a) C~5 iso, C16 iso and 
C17 anteiso reference standards furnished by  Dr. 
R. P. Hansen of New Zealand, (b) C16 and Cls hy- 
droxy standards obtained from commercial sources, 
and (c) logarithmic plots of programmed retention 
times to tentat ively ident i fy  homologous series of 
components as suggested by Miwa (18). Multiple 
branched fa t ty  acids in nlilk fat  and lard were tenta- 
tively identified by logarithmic plots of programmed 
retention times. The presence of 3,7,11,15-tetramethyl- 
hexadeeanoic acid (19) and 2,6,10,14-tetramethyl- 
pentadecanoie acid (20) has been reported in milk fat. 

Component C a l c u l a t i o n s  

F a t t y  acids were estimated quanti tat ively by tri- 
angulation of peak areas for  programmed chromato- ~ × o 
grams and by the retention time-peak height method ~ 1oo1-~ 

90  28~ 
(21.) for isothermal chromatograms. Two standard 8 T mixtures of f a t ty  acid methyl esters were examined ,o'° ~6~,~ 
by isothermal analysis to determine whether uncor- ~ ~ ~,~ 

tion factors based on molecular weight or square root 
of molecular weight (22-24) were desirable. The re- 
sults (Table I) indicated that  calculations based on 
uncorrected peak areas were preferable. Quanti tat ion 
of temperature  programming was not checked with 
s tandard mixtures;  it was assumed that  response ~ o ,o 
would be similar to that  obtained isothermally. Re- 
producibil i ty was ---+2% with a relative error  (amount 
present-amount found /amount  present)  of ± 4 %  at 
the 20% level. High pur i ty  standards for unusual 
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TABLE [I  

Fatty Acid Composition of USP Lanolin ( %  of Total 
Saturated, Branch and t tydroxy Acids) 

Acid a % Acid % Acid % 

1 6 : 0  hy 22 .7  2 2 : 0  i 4 .3  
1 7 : 0  b 2 2 : 0  hy  b 
1 7 : 0 a  2.0 2 3 : 0  0.2 
1 8 : 0  1.7 2 3 : 0  a 4 .0  
1 8 : 0  i 3 .5  2 4 : 0  3,3 
1 8 : 0  by 3.8 2 4 : 0  i 423 
1 9 : 0  0 .6  2 5 : 0  1,8 
1 9 : 0  a 4 .0  2 5 : 0  a 4 .4  
2 0 : 0  0 .6  2 6 : 0  2 ,3  
2 0 : 0 i  5 .4  2 6 : 0 i  1.5 
2 0 : 0  by  1.8 2 7 : 0  0.9 
2 1 : 0  0.1 2 7 : 0  a 0 .9  
2 1 : 0  a 4 .9  2 8 : 0  0 .5  
2 2 : 0  3.5 2 8 : 0  i 1 ,5  

athirst number  indicates number of carbon atoms in fatty acid 
moiety; second number, the number of double bonds; i ~ i s o ;  a--= 
anteiso; h y = h y d r o x y  (assumed to be in the a position). 

bInterfer ing peak prevents accurate estimation. 

f a t ty  acids (branched chain, hydroxy,  etc.) were not 
available. We were pr imari ly  interested, however, in 
determining the presence or absence of these fa t ty  
acids and their approximate concentration. 

Cumulative Distribution C u r v e s  

The fa t ty  acid composition of each urea fraction 
was determined by gas chromatographic analysis, and 
cumulative distribution curves were drawn for each 
f a t ty  acid present in the mixture. The percentage 
of a par t icular  component present in each urea frac- 
tion was found by dividing the amount present in the 
fract ion by the amount present in all fractions. A 
cumulative distribution curve was obtained by plot- 
t ing the amount  present in fraction 1 on the fract ion 
1 axis, the total amount present in fractions I and 2 
on the fract ion 2 axis, and so for th  unti l  100% was 
reached. The plots were prepared so that  the abscissa 
(urea fractions) also indicated the cumulative per- 
centage of esters removed as urea fraetionation pro- 
gressed. A horizontal dashed line was drawn through 
the emnulative distribution curves at the 50% level 
to indicate the order in which fa t ty  acid methyl esters 
were removed from the mixture by formation of urea 
inclusion compounds. 

Results and Discussion 
Complex Mixture of Marine and Vegetable 0 i l s  

Long chain saturated fa t ty  acids were concentrated 
in the first four  fractions and were quanti tat ively 
removed from the mixture by urea fractionation, 
whereas the highly unsaturated fa t ty  acids were con- 
centrated in the last fractions (21-25). There were 
five pairs of f a t ty  acids with nearly equal equilibrium 
constants: (a) 16:0 and 24:1, (b) 14:0 and 22:1, 

UREA 

C?/ // / / / 

2 O  30 4O 5O 

% TOTAL ESTERS 

FRACTIONS 

9 10 11 12 

100 

B0 

60  

40  

20  

0 
60  7O $0  90  100 

FRACTIONATED 

FIG. 2. C u m u l a t i v e  d i s t r ibu tdon  c u r v e s  f o r  f a t t y  a c id s  p r e s e n t  
in  l ano l in  ; O H  ~-- h y d r o x y ,  b r  ---~ b r a n c h e d  ( e v e n  c h a i n  l e n g t h  
ac ids  a r e  iso, odd  c h a i n  l e n g t h  ac ids  a r e  anteiso) .  
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.FIG. 3. S e m i l o g ~ J r i t h l n i e  p l o t  o f  r e t e n t i o n  t i m e  vs .  c h a i n  
l e n g t h  f o r  b u t t e r  f r s e t i o n  9 h y d r o g e n a t e d  a n d  t e m p e r a t u r e  p r o -  
g r a m m e d  at 3 C / r a i n  ( 1 6 5  2 4 5 C )  on  a 2 0 %  I ) E G S  p o l y e s t e r  
e o l u n m .  T h e  l e t e n t i o n  t i m e  o f  t h e  C ~  t e t r a b r a n e h e d  a c i d  c o u l d  
n o t  be  p r e c i s e l y  d e t e r m i n e d  d u e  to  i n t e r f e r i n g  p e a k s .  

(el 12:0 and 18:1, (d) 10:0 and 16:1, and (el 14:1 
and 18:3. I t  would be impossible to separate these 
f a t ty  acids by urea fractilmation. Addit ion of the 
na tura l ly  occurring cis double bond to a methyl  ester 
was observed to be equivalent to decreasing the chain 
length by 2 to 8 carbon atoms, depending on chain 
length and nunlber of double bonds present. 

The bar graph (Fio.. 1) i l lustrates the separations 
that  were achieved. Percentages on the vertical axis 
app ly  to individual f a t ty  acid esters in each fraction. 
Fract ion  2 contained apprl)ximately 20% of the 
pahnitate,  40~, of the stearate, and 40% of the 
arachidate present  in all fractions. A l l  of the arachi- 
date was removed prior  to fract ion 10 and all of the 
pahni ta te  pr ior  to fract ion 19. The (!~o fa t ty  acid 
with 4 double bonds was concentrated in the last 
fractions (21-25) with 4 ~  in the 22nd fract ion and 
over 80% in fract ion 25. 

Routine GLC methods do not adequately resolve all  

T A B L E  I I I  

FatKv Acid Composition of But ter  Oil ( %  of Total Fatty Acid 
Methyl Esters)  

Acid a Acid Acid 

Branched  Dienes 
Sa tu ra t ed  % contd. % contd. % 

8 :0  0.69 19 :0  br 0.01 2 2 : 2  0.14 
10 :0  1.88 2 0 : 0  br 0.01 2 4 : 2  0.02 
11 :0  0.12 2 1 : 0  br 0.01 2 6 : 2  0.0004 
12 :0  2.96 2 2 : 0  br 0.02 
1 3 : 0  0.10 2 3 : 0  br 0.01 Polyenes 
14 :0  11.2 2 4 : 0  br 0.02 18 :3  1.03 
1 5 : 0  1.52 2 5 : 0  br  0.004 18 :4  0.10 
16 :0  27.8 2 6 : 0  br 0.004 20 :3  0.05 
17 :0  0.71 2 0 : 4  0.07 
18 :0  12.1 3,Ionoenes 2 0 : 5  0.02 
19 :0  0.05 10 :1  0.48 2 2 : 3  0.03 
2 0 : 0  0.02 12 :1  0.05 2 2 : 4  0.04 
2 1 : 0  0.06 13 :1  0.003 2 2 : 5  0.02 
2 2 : 0  0.04 1 4 : 1  0.75 
2 3 : 0  0.01 15 :1  0.02 Mul t ib ranched  b 
2 4 : 0  0.02 16 :1  1.84 16 :0  br3 0.01 
2 5 : 0  0.02 17 :1  0.2 17 :0  br3 0.01 
2 6 : 0  0.02 18 :1  30.3 18 :0  br3 0.16 
2 7 : 0  0.0000~ 19 :1  0.14 19 :0  br4 0.02 
28.0 0 .00004 2 0 : 1  0.52 2 0 : 0  br4 0.14 

2 1 : 1  0.01 2 1 : 0  br4 0.02 
Branched  b 2 2 : 1  0.02 2 2 : 0  br4 0.02 

12 :0  i 0.01 2 3 : 1  0.05 2 3 : 0  br4 0.01 
13 :0  i t race 2 4 : 1  0.0008 2 4 : 0  br4 0.10 
14 :0  ~ 0.03 2 5 : 1  0.0008 2 5 : 0  br4 0.10 
1 5 : 0 i  0.14 2 6 : 1  0.0008 2 6 : 0  br3 0.01 
1 5 : 0 a  0.23 2 6 : 0  br4 0.04 
1 6 : 0 i  0.2 I) ienes 2 7 : 0  br4 0.04 
1 7 : 0 i  0.36 14 :2  0-04 2 8 : 0  br3 0.02 
1 7 : 0 a  0.23 16 :2  0.02 2 8 : 0  br4 0.12 
1 8 : 0 i  0.02 18 :2  2.22 2 8 : 0  br5 0.01 

2 0 : 2  0.12 

~First  number  indicates  number  of carbon atoms in fa t ty  acid 
inoiety;  second number  the number  of double bonds ;  i = i s o ;  a 
anteiso; b r - - i s o  a n d / o r  anteiso;  last  number  indicates number  of 
methyl branches  for mul t ib ranched  acids. 

bTenta t ive ly  identif ied in  appropr ia te  urea f rac t ions  by semi|og'a- 
r i thmic  plots of GLC re tent ion  times. 

of the f a t ty  acid esters of a complex oil such as men- 
baden oil for  quant i ta t ion of the f a t ty  acids. The 
following Cls acid peaks may  elute together:  18:0 
aud 16:2, 18:1 and 16:3, 18:3 and 20:1, and 18:4 
and 20:2. In  all cases, the individual  acids of these 
pairs  were separated ahnost quant i ta t ively into dif- 
ferent  fractions by urea fractionation. 

Lanolin (degras) 

Lanolin (64% unsaponifiables) was chosen for  
fractionation because it contains branched chain (7so, 
anteiso) and hydroxy acids, and it was desirable to 
know the preferentiM order in which these f a t t y  acids 
form urea inclusion compounds. Previous a t tempts  
to fract ionate lanolin with urea were only par t ia l ly  
successful (25). Quanti tat ive analysis is difficult be- 
cause of the large number  of f a t ty  acids and un- 
saponifiable constituents present, the relative insolu- 
bility of hmg chain constituents and the format ion 
of intractable emulsions (26). 

A cumulative distribution curve for  lanolin f a t ty  
acids, shown in F igure  2, indicates the relative ease 
cf urea adduet  formation for the saturated,  branched, 
and hydroxy acids in lanolin. Addit ion of a methyl  
group (iso or anteiso) was equivalent to decreasing the 
chain length of the unbranched,  sa tura ted  acid by 2 
to 4 carbon atonds, whereas introduction of a hydroxyl  
group was equivalent to decreasing the chain length 
by 6 carbons. 

Trace amounts of monounsatura ted  f a t ty  acids (C~4 
to C2o) were detected in the urea fractions. In  addi- 
tion, the last three urea fractions, comprising 4% 
of the total f a t ty  acids, contained 7 unidentified com- 
ponents in relatively large amounts which formed a 
hondologous series (carbon number-log retention tinde 
phlt) and may be mul t ibranched (C.oo to C2s) f a t ty  
acids. Multibranched acids have been found in sheep 
lipids (27), and mult ibranehed paraffins are also 
believed to be present  in wool wax (28). 

Wei tkamp (29) established that  wool wax contains 
a series of even chain length iso acids and a series 
of odd chain length anteiso acids. The C~2 to C2s 
branched acids of these series were identified by GLC 
analysis of the urea fractions. Separat ion of iso and 
anteiso acids on the polar  column was similar to tha t  
reported by Fa rquha r  et al. (30). The relative 
amounts of saturated,  branched and hydroxy  acids 
in lanolin are shown in Table II .  

B u t t e r  O i l  

The urea fract ionat ion procedure was applied to 
but ter  oil to fu r the r  test its effectiveness in coneen- 
t ra t ing  minor constituents for detection by GLC. 
About  64 f a t ty  acids were reported to be present  in 
milk (12). A normal  GLC analysis will resolve only 
2(I-25 peaks; the other f a t ty  acids are present  in 
small amounts, and either do not produce identifiable 
peaks, or are obscured by major  peaks. By  urea frac- 
tionation, GLC column overloading, and tenIperature  
programming,  it was possible to detect and estimate 
the amounts of 84 f a t ty  acids present  in butter.  

The total f a t ty  acid composition of but ter  oil de- 
termined by GLC of individual  urea fract ions (Table 
I I I )  agrees well with values reported by Herb  et al. 
(12). Of the 84 acids we detected, 52 were present  
in amounts less than 0.1% and 33 are reported for  the 
first tinde. We did not determine C10 and lower f a t t y  
acids (totally or par t ia l ly  lost dur ing removal of 
solvent),  t rans  isomers, conjugated dienes and trienes, 
and keto acids. 
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Sharp and well-defined gas chromatographic peaks 
for components greater than C2o were obtained from 
the urea fractions when relatively large amounts 
(40 nlg) were ehromatographed, even though the 
C16-Cls peaks were greatly overloaded. Gas chromato- 
graphic analysis of individual fractions suggested that  
a series of branched chain acids were present in but ter  
oil. The C1~ to Cls iso-aeids and the C15 and C17 ante- 
iso-acids were tentat ively identified from plots of 
carbon numbers versus retention time. I t  was not 
possible to determine whether C19 and higher branched 
acids were of the iso or anteiso type. 

Analysis of the final urea adduct  and filtrate indi- 
cated a series of saturated multibranched f a t ty  acids 
f rom C16 to C2s may be present. Two members of 
this series have been previously identified as 3,7,11,15- 
tetramethylhexadeeanoie acid (19) and 2,6,10,14-tetra- 
methylpentadecanoic acid (20). Tri- and penta- 
branched C~4, C26 and Cz8 fa t ty  acids were tentat ively 
identified in the last 3 fractions. A semilogarithmic 
plot of retention time vs. chain length (DEGS 
column) for the final tilt:rate hydrogenated, produces 
smooth curves for the tentat ively identified tetra- 
branched series as well as for the reference saturated 
series (Fig. 3). I f  the tetrabranched curve is dis- 
placed three carbon units to the left, it almost matches 
the saturated curve. :It would not be expected that  
hydroxy acids, keto acids, or free acids would be 
found in the final filtrate, and it is not expected that  
complex oxidation products would be components of 
such a regular series. 

L a r d  

A total of 44 fa t ty  acids was detected in lard (Table 
IV) ,  with 30 acids present in amounts less than 0.1%. 
The presence of all f a t ty  acids reported by Magidman, 
et al. (31) was confirmed, with the exception of the 
conjugated cis-trans and trans-trans isomers of lino- 
leate, and the ClS branched isomer. In  addition, 18 
fa t ty  acids not previously reported were detected. 
Components tentatively designated as C2o to C2s tetra- 
branched even chain length acids and a C2s tri- 
branched acid were detected in very  small amounts. 

Walnut  Oil 

The fa t ty  acid COrBposition of a walnut oil of 
French origin was determined (Table V).  Some 36 
fa t ty  acids were detected, 26 in amounts less than 
0.1%. There was also an indication that  te trabranched 
C16 and C2o fa t ty  acids and arachidonic acid may be 
present in very  small amounts. Grieco and Piepoli 
(32) report  32.1% linolenie acid in Ital ian walnut 
oil compared to our value of 14.8% for the French  
walnut oil. 

A r t i f a c t s  

Since the completion of this study, the possibility 
of erroneously ident ifying artifacts as methyl esters 
of f a t ty  acids by GLC analysis was emphasized by  
Johnston and Roots (33). We reinvestigated the 
reagent, saponification, methanolysis, and urea frac- 
tionation blanks, and art ifacts  were detected in each. 
The total residue from fivefold blanks was injected 
into tile chromatograph and programmed at 4 ° per 
minute from 150 to 250C. Art i facts  were present in 
such minute quantities that  it is believed they would 
be detected only in the final filtrate and final adduet. 
However, it does explain the presence of several un- 
identified peaks which did not behave in a predictable 
manner  in the urea fractions. Most of the art ifacts  

TABLE IV 

Fa t ty  Acid Composi t ion of L a r d  a ( %  of Total  F a t t y  Acid 
Methyl  Es te rs )  

Acid b Acid 

Saturated % ~[onoenes contd. % 
1 2 : 0  0.08 1 8 : 1  43.5 
1 3 : 0  0.01 19 :1  0.06 
14 :0  1.27 2 0 : 1  0.34 
1 5 : 0  0.02 2 1 : 1  0.004 
1 6 : 0  24,0 2 2 : 1  0.02 
1 7 : 0  0.29 2 4 : 1  0.0001 
1 8 : 0  13,0 Dienes 
1 9 : 0  0.03 18 :2  11.2 
2 0 : 0  0,34 2 0 : 2  0,54 
2 1 : 0  0.004 2 2 : 2  0.02 
22 : 0 0 ~04 Poiyenes 
2 3 : 0  0.02 18 :3  1.30 
2 4 : 0  0.02 2 0 : 3  0.08 

Branched  e 2 0 : 4  0.13 
2 3 : 0  br 0.008 2 0 : 5  0.04 
2 4 : 0  b r  0 .004 2 2 : 3  0.02 
2 5 : 0  br  0.02 2 2 : 4  0.05 
2 6 : 0  b r  0.02 2 2 : 5  0.02 

15ul t ibranehed e 
~Ionoenes 2 0 : 0  b r4  0.02 

12 :1  0.02 2 2 : 0  br4  0.02 
14 :1  0.03 2 4 : 0  br4  0.03 
1 5 : 1  0.01 2 6 : 0  br4  0.03 
16 :1  2.82 2 8 : 0  br3 0.09 
17 : 1 0.22 2 8 : 0  b r4  0.20 

Lower  fa t ty  acids not  determined.  
bYirs t  number  indicates  number  of carbon atoms in  fa t ty  acid moiety;  

second number  the n u m b e r  o~ double bonds ;  br ---- branched (iso or 
anteiso posi t ion not  de t e rmined ) ;  las t  number  indica tes  number  of 
methyl branches  for  ma l t ib ranched  acids. 

c Tenta t ive ly  ident if ied in  appropr ia te  urea  f rac t ions  by semiloga- 
rithmic pots of GLC re tent ion  times. 

had retention times longer than C2o. 
In  fu ture  work, clean-up procedures (e.g., column 

chromatography, thin-layer chromatography, or sub- 
limation) should be added to procedures for prepara- 
tion of final filtrate and final adduct. Present  knowl- 
edge of the possible existence of art ifacts does not 
detract  from the identifications and qualitative esti- 
mations in this study. I t  emphasizes the necessity of 
carefully examining reagents and blanks carried 
through the entire procedure in trace analysis and 
the need for more rigid specifications for reagents to 
keep pace with the use of more sensitive analytical 
methods. 

Detect ion  of F a t t y  Acids  Present  in Trace Amounts  

In  Tables I I I - V  a total of 108 fa t ty  acids was found 
to be present in amounts <0 .1% in milk, lard and 
walnut oil. The detection and quantitat ive measure- 
ments of these low concentrations would be impossible 
without prior  fraetionation. The separations of f a t ty  
acids present in complex mixtures by urea fraetiona- 

T A B L E  V 

Fa t ty  Acid Composi t ion of W a l n u t  Oil f rom France  
( %  of Total  Fa t ty  Acid l~l:ethyl Es te rs )  

Acid a, ~ Acid 

Branched  
Sa tu ra t ed  % contd. 

1 4 : 0  0.008 2 3 : 0  br  0.02 
1 5 : 0  0.008 2 4 : 0  br  0.001 
1 6 : 0  7,04 2 5 : 0  b r  0.01 
1 7 : 0  0.06 ~¢[on eenes 
1 8 : 0  1.82 1 4 : 1  0.002 
19 :0  0 .0004 1 6 : 1  0.2 
2 0 : 0  0.34 1 7 : 1  0.008 
2 1 : 0  0.008 1 8 : 1  15.50 
2 2 : 0  0.08 1 9 : 1  0.04 
2 3 : 0  0.02 2 0 : 1  1,70 
2 4 : 0  0.03 2 2 : 1  3.82 
2 5 : 0  0.0002 24 : 1 0,2 
2 6 : 0  0 .004 Dienes 

Branched  ¢ 1 8 : 2  53.7 
1 6 : 0  b r  0 .004 2 0 : 2  0.2 
1 7 : 0  br  0.008 2 2 : 2  0.1 
1 8 : 0  br  0.008 Polyenes 

18 :3  14.8 
2 0 : 0  b r  0.008 2 0 : 3  0.2 
2 1 : 0  br  0,008 2 2 : 3  0.01 
2 2 : 0  br  0.002 

a F i r s t  number  indicates  number  of carbon atoms in  fa t ty  acid moiety;  
second number  the number  of double bonds ;  br  : b r a n c h e d  (iso or 
anteiso posi t ion not  de te rmined) .  

bTrace  amounts  of C16 and  C2o te t rabranched  fa t ty  acids and aracbi-  
donate  were also present .  

t Tenta t lve ly  ident if ied in  appropr ia te  urea f rac t ions  by semiloga- 
r i thmic  plots of GLC re tent ion  times. 
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tion was demonstrated to be extremely valuable for 
detecting fatty acids present in trace amounts. This 
was aeeomplished by separating all of the fat ty aeids 
present in the original sample so that in most cases 
each peak on a gas chromatogram represented only 
one fatty acid. The long chain saturated and polyun- 
saturated fatty acids present in small amounts were 
readily detected by overloading the GLC column and 
temperature programming the instrument. Except 
for lanolin adds, it was impossible to detect iso and 
anteiso fatty acids without prior urea fraetionation of 
these acids eluted together with more prevalent mono- 
unsaturated fatty acids having one less carbon atom. 

Urea fractionation does not provide a quantitative 
means of separating individual fat ty acids. However, 
fornlation of urea complexes proceeds in a predictable 
manner. A more detailed knowledge of the order in 
which it proceeds aids in assigning tile proper identity 
to GLC peaks, and should also aid in establishing the 
identity of abnormal fat ty acids present in heated or 
used fats. 
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Phase Behavior of Aqueous Systems of Monoglycerides 
E. S. LUTTON, Procter & Gamble Company, Miami Valley Laboratories, Cincinnati, Ohio 

Abstract 
Monoglyeeride-HfO systems in the range above 

about 5% HfO exhibit a varied phase behavior 
with a nmnber of mesomorphie states reminiscent 
of those found for soap-H20 systems. There are 
fluid neat, stiff and " s h o r t "  viscous isotropie, 
and plastic or stringy middle states. 

In the case of saturated monoglycerides, neat 
states prevail at low molecular weight as with 
monolaurin, but viscous isotropic and finally 
middle states appear at higher chain length 
as with nlonoarehidin and monobehenin. 

The phase diagrams for systems of unsaturated 
eompounds resemble those for systems of sat- 
urated compounds, with corresponding phase 
regions occurring at lower temperatures. The 
monoelaidin-H20 system closely resembles a 
shifted nlonostearin-ItfO system, neither system 
showing middle. Middle phase appears in a small 
island for monoolein and monolinolein near 90C 
and 20% water. 

Water dissolves negligible anlounts of nlono- 
glyeerides so that phases which are nearly 100% 
He() exist for substantially all systems and condi- 
tions when He() content is 60% or more. 

Introduction 

T I I E  I~'()R3£ATION OF M ESO~IORPII IC states in anhydrous 
polar long-chain compounds is well recognized 

(1). 5{ueh more familiar is the formation of such 

states, specifically neat and middle, in aqueous sys- 
tems of such compomlds (2). While the phenomena 
are more common with ionic compounds, they have 
been recognized in nonionie materials (3). A lengthy 
study of gels in aqueous monoglyeeride systems has 
been reported (4). Except for certain crystal disper- 
sions they were said to be "amorphous by x-ray 
diffraction." No mention of mesomorphic states was 
made. 

Lawrence (5) reports the formation of liquid 
crystalline phase in aqueous systems of 1-monolaurin 
but without presenting a phase diagram. 

Because of the interest in monoglyeerides as familiar 
components of foods, their membership in the family 
of nonionic polar long-chain compounds, and the in- 
triguing nature of the gel states reported, a systematic 
study of monoglyeeride-HfO systems was launched. It  
was soon discovered that these systems exhibit a 
variety of mesomorphie states quite analogous to those 
of soap-H20 systems, and show profound variations 
of phase behavior with composition. 

There is increasing evidence of the widespread 
occurrence and fundamental significance of such 
mesomorphie states (6) and their importance tech- 
nically and biologically is not to be underestimated. 

Experimental 
Several 1-monoglyeerides were prepared by rec- 

ognized methods and purified by solvent erystalliza- 
tion. The following compounds, all substantially free 


