
Chromatography 

Matter of Fats 

on Silicic Acid of the Unsaponifiable 

P. CAPELLA, G. de ZOTTI, G. S. RICCA, A. F. VALENTINI, and G. JACINI, 
Stazione Sperimentale per le Industrie degli Olii e dei Grassi, Milan, Italy 

A method has been described for  the separat ion of unsn- 
poniflables into their ma jo r  chemiea] classes by silieie acid 
adsorpt ion  ehrora:~togra.phy. Methods arc also presented for  the 
isolation of unsaponifiables free of f a t t y  aeids. The chronmto- 
graphic  procedure was tested on synthetic mixtures of hydro- 
carbons, esters, alcohols, and stcrols and then applied to the 
unsaponifiablcs of extracted and pressed olive oils, soybean, teq- 
seed, and rapeseed oils, lard, "~nd tallow. The major  sterol of 
M1 the unsaponifiables examined was found to be fl-sitostcrol. 
Analytical  data such as infrared analysis,  carbon-hydrogen an- 
'~.lysis, mel t ing points  of derivatives, and paper  chromatography 
of the sterol f ract ions  arc also presented. 

T HE UNSAPONIFIABLE par t  of f a t t y  materials  has 
always held tile attention of researchers since 
it contains substances of part iclf lar  scientific 

and  p r a c t i c a l  i n t e r e s t  which  are  r e l a t e d  in some 
manner  to the origin of the oil. Although some in- 
format ion is available on the composition of the un- 
saponifiables of oils, most of the data are concerned 
only with such physical  and chemical proper t ies  as 
the melt ing and solidification points (4,8,22), the io- 
d ine  v a l u e  (1,15), and  the  r e f r a c t i v e  i ndex  (21). 
Since these values reflect little of the complex na ture  
of the material ,  we thought  it would be of interest  
to develop a general method for  the systematic reso- 
lution of unsaponifiables. Previous  publications of a 
similar na ture  were the work of Ruzicka and co- 
workers (24) on the unsaponifiab]es of extracts  of 
swine organs, of Fuh rm ann  (14) on the unsaponifi- 
ables of olive oils f rom Tunisia,  and of Cruz-Aufion 
(5) on the unsaponifiables of soybean and cotton- 
seed oil. 

This pape r  describes the isolation of unsaponifi- 
ables f rom fa t s  and oils and the separat ion of this 
mater ia l  into var ious components by  elution chro- 
m a t o g r a p h y  on silicic acid colmnns. The elution is 
per formed by a series of solvents or mixtures  of sol- 
vents of increasing polar i ty  and permits  the quanti-  
ta t ive isolation of the following series of components:  
The sa tura ted  hydrocarbons ;  the polyene hydrocar-  
bons (squa]ene) ; the waxes;  the esters of sterols;  
the a l iphat ic  alcohols; a g roup  of mater ia ls  the na ture  
of which will make up a separate  paper ,  containing 
t r i te rpene  alcoho]s; the free sterols;  and a group of 
substances still unidentified which m a y  be al terat ion 
products.  

Al though the method was developed to s tudy  the 
unsaponifiables of extracted olive oil, it may  also be 
applied to other fa ts  and oils. The resolution of 
unsaponifiables containing compounds of a different 
chemical type  f rom those listed will, of course, de- 
pend upon the funct ional  group of the compounds, 
and appl icat ion of the elution scheme will, in general, 
pe rmi t  their  separation. As an example of this, in the 
separat ion of teaseed oil unsaponifiables (F igure  7), 

1 lgeport submitted to the Fourth Congress of the Internat ional  Soci- 
ety for the Study of Fatty Materials, Graz, September 1-3, 1959. 

we have isolated by our method a group of substances 
gi vi ng the so-called Fitelson reaction (11). 

564 

Methods 
l'rcparation of l]',saponifiables. F i f t y  grams of oil 

arc sal)onified by boiling on a Water bath  with 500 ml. 
of 2-N alcoholic potassium hydroxide for  1 hr., then 
t ransfer red  to a 5-liter separa tory  funnel  containing 
500 ml. of distilled water.  The flask is rinsed with 500 
ml. of water,  which are also added to the funnel ;  500 
ml. of peroxide-free ethyl ether of recent distilla- 
tion are added, and the mixture  is vigorously shaken. 
Af te r  s tanding for 12 hrs., the aqueous layer is re- 
moved and re-extracted twice with 1 liter of ethyl 
ether, allowing only 15 rain. for the layers to separate  
in these extractions. The ethereal extracts  are con> 
b i ,ed  and washed to neutral i ty ,  usin~ about 250 nd. 
of water  for each wash. 

Af te r  the first water  wash a 2-hr. s tanding period 
is required for complete separat ion of the layers, but  
the succeeding washes require only 10 rain. The ether 
solution is dried over anhydrous  sodium sulfate, and 
the solvent is evaporated under  reduced l)ressure in 
a s t ream of lfitrogen. 

Removal of Fatty Acids from UJtsapoMfiablcs. The 
nnsaponifiab]es thus obtained always contain consid- 
erable amounts of free f a t ty  acids which must  be 
removed. One of the two following methods is pre- 
ferred for  their  removal ra ther  than washing with 
alkaline solutions. 

About  400 rag. of unsaponifiable mat te r  dissolved in 
smallest possible amount  of chloroform are added to 
a column containing 10 g. of basic copper carbonate 
[CuCO:~-2 Cu (Oil),_)], which had previously been 
wa~:hed with ]00 ml. of CHCla. The flow rate  of the 
eolunm can be increased by prior  mixing of the copper  
carbmlate with Celite in a one-to-three ratio. The un- 
sal)onifiables are eluted with 450 ml. of chloroform, 
and tile final 10 ml. o[ this should leave a residue of 
less than 1 rag. 

An al ternate  procedure for f a t t y  acid removal em- 
ploys a co]mnn of 24 g. of Broekman alumina.  The 
sample is added to the column in a small volume of 
ethyl ether, and the unsaponifiables are removed with 
250 ml. of the same solvent. 

Chromatography of Unsaponifiables. Approximate ly  
100 rag. of unsaponifiable mat te r  dissolved in a mini- 
mum volunle of hexane was added to the top of a 
13-ram. chromatographic  column containing 3 g. (30- 
to-1 ra t io  adsorbent  to sample) of Mal l inckrodt ' s  100- 
mesh silicic acid. Af te r  the charge had ahnost com- 
pletely paased into the column, the sides were washed 
twice with 1-2 ml. of hexane, and elution with the 
first solvent was started. Since extreme care must  be 
taken to prevent  the column from becoming d ry  when 
changing f rom one solvent to another , -a  stopcock or 
other means of discontinuing the column flow should 
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be provided at the bottom outlet of the column. Frac-  
tions of 4 ml. each were collected in small weighed 
flasks, and when successive fract ions contained no 
residue, the next  solvent of increasing" polar i ty  was 
added according to the scheme outlined in Table I.  
Changes in the eluting solvent were accomplished by 
removing the solvent remaining  above the silicic acid 
with a p ipet te  while the column flow was stopped. The 
nex t  solvent was added slowly to p revent  disruption 
of the column structure.  

Analysis. The weight of each f rac t ion  was deter- 
mined by evapora t ing  the solvent in a small weighed 
flask in a s t ream of ni t rogen and weighing the residue. 
The analyt ical  data  were obtained on the various 
fractions by  semimicro methods. The presence of 
sterols was detected by the well-known Liebermann- 
P, urchard  reaction (3 ) ;  esters were revealed by  the 
format ion of the corresponding ferr ic  hydroxamate ,  
according to Goddu et el. (17). The inf ra red  spectra 
were recorded by  a Bai rd  Model 4-55 double beam 
spectrophotometer.  

Results and Discussion 

Although silicic-acid chromatographic  adsorption 
techniques have been widely used for  the separation 
of f a t t y  mater ia ls  into their  major  components ac- 
cording to their  polarity,  the fu r the r  separat ion of 
the classes by  this procedure  into individual  com- 
pounds is much more difficult and requires very  
special conditions. Likewise, in our ease, the unsa- 
l>onifiables were resolved into eight fract ions corre- 
Sl)<)nding to as many  series, each of which consisted 
of various h<)mo]ogous substances. I t  was possible t() 
extend the separati()n of the classes by l>apcr chro- 
matogral)hy, Imrticularly Fra<.ti<>us E and (] (Table 
l) ,  the higher ah'oh<)ls (31), and the ster<>ls (7), 
respect ively. 

TABLE ] 

Iqhltien Scheme Chromalo~rapbie  Sel)aration of Unsaponifial)~es 

Frac t ion  ' - -  E l u a n t  = 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hexane  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Carbon disulfide I 
< ' .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hexane  5% Benzene ] Waxes 
11 ............................. Hexane  10% henzem, I 

Hexane  20% benz,,ne / 
E . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hexane  30% benzene ] 
F . . . . . . . . . . . . . . . .  Hexane  2 ~ ethyl ethe~ [ 
(, . . . . . . . . . . . . . . . .  Hexane  8 ~, eth~l other ] 
II- ............................. Chloroform 5%'n le thano l  ' 

Eluted substances  

Paraff ins  and olefins 
Polyene hydrocarbons  

Sterol  esters 
Sterol esters 
Hi~her  a l iphat ie  ah'olmls 
Tr i t e rpeno id  alcohols 
Sterols 
Unident i f ied  substances 

The resulls of the present w<)rk per tain only to 
unsaponifiabh,s as they are usually defined. The ma- 
terial present  in the unsaponifiables and isolated by 
ehronlatography was produced by saponification. Thus 
the waxes and stere1 esters were replaced by fro<, 
alcohols and sterols. Workin~ on model mixtures  con- 
taining squalene, we have found little evidence <>f 
structural  changes produced by the saponification, 
extraction, and adsorption t rea tment  although there 
is the possibility of s t ructural  modifications sn<,h as 
1he shif t ing of double bonds. 

Preparation of U++saponifial)lex. In our expcrien<!e, 
unsaponifiablcs produced by s tandard  methods con- 
tained high percentages of free f a t ty  acids. These free 
acids later  contaminated the t r i terpene alcohol and 
free stcrol fract ious and were difficult to remove. By 
working with model mixtures  of free acids, ~-sitostcrol 
and docosanol, we found that  passage of the mixture  
over basic copper carbonate effectively removed the 

T A B L E  I I  

Separa t ion  of Synthet ic  Mix ture  a 

Wt.  
F rac t ion  E l u a n t  E lu t ed  sabs tanee  recovered 

(rag.) 

Tube No. 
1 -  6 A Carbon disulfide 
7 -  47 B t I exane  5% benzene Aeetyldocosanol 25.5 

4 7 -  76 C Hexane  10% benzene Aeetyl-~-sitosterol 25.0 
7 7 -  86 D Hexane  20% Benzene 
8 7 - 1 1 0  E Hexane  30% benzene Docosanol 25.5 

111 -129  F Hexane  8% ethyl-ether B-Sitosterol 24.5 

a Synthet ic  m ix tu r e  composed of 25.1 mR. of acetyldocosanol, 25.6 
mR. of acetyl-fl-sitosterol, 25.1 rag. of docosanol, and 25.0 mR. of f~-sito- 
steroh 

free acids and permi t ted  quant i ta t ive  recovery of 
the unsaponifiables which are not absorbed.  The re- 
covery of the f a t t y  acids was accomplished by sus- 
pending the copper carbonate in ether and t rea t ing  
with dilute HC1. 

B y  measur ing  the peroxide value before and a f te r  
the chromatographic  t reatment ,  it was also shown that  
the t r ea tment  induced no fu r t he r  oxidation of the 
material .  

Several t rea tments  based on neutral izat ion of the 
f a t ty  acids, followed by  extract ion of the unsaponifi- 
ables, were tried. The best of these, a l though of 
greater  complexi ty than the adsorpt ion procedure,  
was to neutral ize the mix ture  with stoichiometric 
amounts  of l i th ium ethylate in alcohol solution. This 
was then extracted three times with hot benzene to 
remove the unsaponifiahles. I t  was possible by  this 
proc(~dure to lwo<tuce unsaponifiables of zero acid 
nund)er and with no contamination of metMlie l i thium. 

Chromatography. We found little in the l i tera ture  
direct ly related to the applicat ion of chromatography  
to the unsap()nifiabh,s. The inw;stigations by Trappe  
(29,'10), by Fi l le rup  and Mead (10), by Borgs t rom 
(2), and by Spengler  (25,26,27,28), and recent ly by  
I I i rseh  (20) are more proper ly  concerned with lipids. 
In the development of our procedure,  model mixtures  
of the type  of <'mnpounds found in unsaponifiables 
were subjected to wtrious chromatographic  schemes. 
Although the Sel)aration of hydrocarbons  f rom nnsa- 
ponifiables had been reported (9,12,13,18,19,20,23), 
it is interest ing to note tha t  we were able to separate  
paraffins and monoene-hydrocarbons f rom the polyene 
squalene. The former  were first eluted with hexane, 
and the la t ter  then removed with carbon disulfide. 

Table I I  gives the results obtained with a model 
mixture  of aeetyl-docosanol, acetyl-B-sitosterol , doco- 
sanol, and fl-sitosterol, every component  of which was 
easily p repared  in a pure  fo rm and the chromato- 
graphic behavior  of which is closely similar to that  
of na tu ra l  mix tures  of waxes, sterol esters, f a t ty  alco- 
hols, and sterols. This mix ture  was chromato~raphcd 
according to the elution scheme shown in Table I I  
~hat <lifters only slightly f rom that  of Table I. F igure  
I det)icts graphical ly  the t rend of this separation. 

When the scheme of Table I I  was applied to the 
separation of the unsaponifiables of olive oil, it was 
observed tha t  the sterol f ract ion was contaminated 
by  a compound giving' a yellow Liebermann-Burehard  
test. The elution scheme was modified to include the 
use of 2% ethyl ether in hexane pr ior  to using 8% 
ethyl ether (Table I ) ,  result in~ in complete separa- 
tion of mater ial  f rom the sterol fraction. While the 
data indicate that  this material  contains a t r i terpene 
alcohol, a separate  investigation is in progress to char- 
acterize it. 
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I"IG. ]. Elution of synthetic mixture. 

F r o n t  t h e  m a n y  p r e l i m i n a r y  t e s t s  c o n d u c t e d ,  t h e  
f i n a l  e l u t i o n  s c h e m e  g i v e n  i n  T a b l e  I w a s  a d o p t e d  a n d  
was  f o u n d  c a p a b l e  of  s e p a r a t i n g  t h e  c l a s se s  of  com- 
p o u n d s  f o u n d  i n  t h e  u n s a p o n i f i a b l e s .  

Identification of Chromatographic Fractions. T h e  
u n s a p o n i f i a b l e s  of  e x t r a c t e d  o l ive  oi l  w e r e  r e s o l v e d  b y  
o u r  m e t h o d  i n t o  e i g h t  dis t im~' t  f r a c t i o u s  a c c o r d i n g  to 
t h e  s c h e m e  of  T a b l e  I .  T h e  g r a p h i c  r e p r e s e n t a t i o n  of  
t h i s  s e p a r a t i o n  is s h o w n  i n  F i g u r e  2. T h e  c h a r a c t e r -  
i s t i c s  o f  e a c h  f r a c t i o n  a r e  r e p o r t e d  b e l o w :  

0 lO 20 30  40  5 0  60  70 8 0  90  IO0 l lO 120 

[ r ~ c / m n s  " 
Chromatograph] of [he unaepon/Y/~M~ o/e#tr~cted ol/~e o// 

]~ld. ~. Elut:on o f  extracted olive oil unsaponifial)h,. 

Fraction A. This was a white, waxy solid .after crystalliza- 
tion from .~cetone and had a melting point of 62.5~ Carbon- 
hydrogen values (C- -84 .97%,  H--14..(}3%) agree well with 
those calculated for a C:~,,H,,~ hydrocarbon. In f ra red  analysis 
revealed only CH.~ and CH:~ groups. 

Vraction B. The f ract ion eluted with earl)on disulfide was 
a colorless liquid with a blue fluorescence. This fluorescence 
was probably due to contamination as i t  disappeared when 
the fract ion was rechromatographed. The index of refraction 
of this and similar materials  was 1.4961 to 1.4964 in the range 
of reliable values reported for  synthetic squalenc. The infra- 
red curve shown in Figure 3 is identical with those for syn- 
thetic and natural  squalene. 

Fract ion E. This material  was crystallized from 96% ethanol 
t~nd yielded a waxy product melt ing a t  78.5~ The carbon- 
hydrogen values (C = 81.7%, H = 14.02%) are very similar to 
those calculated for the higher alcohol C..6H5~O (C = 81.60%, 
H = 14.21%). The presence of higher alcohols in  the unsa- 
ponifiables has been reported by several investigators, including 
Fuhrmann  (14), Gracian (16),  and_ others. 

The acetyl derivative af te r  crystallization melted a t  60~ 
and the carbon-hydrogen values ( C = 7 9 . 0 5 % ,  I t = 1 2 . 8 9 % )  
were similar to those calculated for a C~I-I5oO2 ester. ( C =  
79.24%, ] t - - 1 3 . 2 0 % ) .  The inf rared  spectrum confirmed the 
materials as fa t ty  alcohols. The material  was subjected to 
paper chromatography, and this research will be the subject 
of a special paper (31). 

Fract ion F. This is a very complex material,  and its pres- 
ence necessitated the modification of our original elution scheme 
.~s previously mentioned in the text. The data so fa r  in our 
possession would lead us to assume tha t  i t  is a group of sub- 
stances conmmn to many fats. The fract ion cont 'dns two groups 
of materi 'f ls;  one of these forms is an insoluble digitonide 
although it is not a sterol; the other does not form a complex 
with digitonin. A separate work is in progress concerning 
the composition of Peak F. 

Fract ion G. This was chromatographed on paper using the 
same techniques as described in previous publications (6,7).  
fl-Sitosterol appeared to be the main sterol present, lint in the 
lat ter  fract ions there were at  least  three other sterols present, 
one of which gave an R~ value very close to tha t  of cholesterol. 

T h e  e a r l y  f r a c t i o n s  ( F i g u r e  2 ) ,  9 0 - 9 7 ,  w e r e  com- 
b i n e d  a n d  c r y s t a l l i z e d  f r o m  a b s o l u t e  a l c o h o l  a n d  
y i e l d e d  a p r o d u c t  m e l t i n g  a t  1 3 4 . 5 - 1 3 5 . 0 ~  W h e n  
t h i s  w a s  a c e t y l a t e d  a n d  r e c r y s t a l l i z e d  f r o m  a l coho l  i t  
m e l t e d  a t  1 1 9 . 0 - 1 1 9 . 5 ~  A m i x e d  m e l t i n g  p o i n t  w i t h  
a e e t y l - f l - s i t o s t c r o l  of  m e l t i n g  p o i n t  1 2 4 . 0 ~  g a v e  a 
m e l t i n g  p o i n t  of  1 1 9 . 0 - 1 1 9 . 5 ~  T h e  c a r b o n - h y d r o g e n  
a n a l y s i s  ( C  --  8 1 . 7 7 % ,  H = 1 1 . 3 6 % )  a g r e e d  w i t h  t h a t  
c a l c u l a t e d  f o r  CegH4sO (C  = 8 1 . 5 2 % ,  H = 1 1 . 4 7 % ) .  

T h e  a c e t y l  d e r i v a t i v e  w a s  b r o m i n a t e d  a n d  t h e  ca r -  
b o n - h y d r o g e n  a n a l y s i s  ( C  --  6 0 . 7 7 % ,  H = 8 . 1 1 % )  was  
v e r y  close to  t h a t  f o r  C29 t t 4 sBreO .  

I 0~=  : [ : : ' . . . . . . .  

i 
8oi 

,n=.  

2 -3 ....... ~ - 3 s ) 8 ) Jo . ~2 /3 ii/~ 

FIG. 4. In f ra red  spectrum of fl-sitosterol isolated from oliw~ 
oil unsaponifiable. 
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FIG. 3. In f ra red  spectrum ef squalene isolated from olive oil 

unsaponifiable. 

Fract ion C. The small amount of material  contained in this 
f ract ion allowed only a general identification. The presence of 
ester groups was confirmed by both in f ra red  analysis and 
chemical test  (ferric hydroxamate format ion) .  

Fract ion D. This was also a very small f ract ion and did not 
permit a thorough examination. I t  gave a positive sterol test  
and is very probably sterol esters. This mater ial  and Fract ion 
C must be products of incomplete saponification of original oil. 

F i g u r e  4 p r e s e n t s  t h e  i n f r a r e d  s p e c t r u m  of  t h e  s t e r o l  
i n  N u j o l  s u s p e n s i o n ,  a n d  i t  is  c h a r a c t e r i s t i c  of  a s t e r o l  
c o n t a i n i n g  u n s a t u r a t i o n  i n  t h e  5 - 6  p o s i t i o n .  I t  is a lso  
i d e n t i c a l  w i t h  t h e  s p e c t r u m  of  f l - s i t o s t e r o l  i s o l a t e d  
f r o m  t a l l  oil.  D e s p i t e  t h e  l ow  m e l t i n g  p o i n t  of  t h e  
a c e t y l  d e r i v a t i v e ,  i t  s e e m s  to  u s  t h a t  t h e  m a i n  o l ive  oil 
s t e r o l  is f l - s i t o s t e ro l ,  a s s o c i a t e d  i n  m i n o r  a m o u n t s  w i t h  
a t  l e a s t  t h r e e  o t h e r  s t e r o l - l i k e  m a t e r i a l s .  

Unsaponifiables of Other Oils. T h e  m e t h o d  w a s  a lso  
a p p l i e d  to  t h e  u n s a p o n i f i a b l e s  of  p r e s s e d  o l i ve  oil,  
s o y b e a n  oil,  t e a s e e d  oil,  r a p e s e e d  oil,  l a r d ,  a n d  t a l l o w .  
T h e  c u r v e s  o f  t h e s e  s e p a r a t i o n s  a r e  s h o w n  r e s p e c t i v e l y  
i n  F i g u r e s  5 to  10. I t  is  i n t e r e s t i n g  to  n o t e  t h a t  t h e  
m a t e r i a l  o f  F r a c t i o n  F ,  o c c u r r i n g  j u s t  p r i o r  to  t h e  
s t e ro l s ,  c o n t a i n s  t h e  s u b s t a n c e  t h a t  g i v e s  t h e  y e l l o w  
L i e b e r m a n n - B u r c h a r d  t e s t .  P a p e r  c h r o m a t o g r a m s  of  
a l l  t h e  s t e r o l  f r a c t i o n s  c o n f i r m e d  t h e  p r e s e n c e  of  o n l y  
o n e  m a i n  s t e r o l  c o m p o n e n t  a n d  s e v e r a l  m i n o r  s t e r o l  
c o m p o n e n t s  i n  each .  T h e  n a t u r e  of  t h e s e  m i n o r  s t e r o l s  
w i l l  b e  t h e  s u b j e c t  of a f u t u r e  w o r k .  
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