
D E C E M B E R ,  1 9 6 2  ~ T E T Z L E R  AND 2~N1)RES.~: 

tion of the lactic acid. Sample size is adjusted by 
diluting the t i t ra ted aqueous phase to known volume 
with distilled water  and removing an aliquot portion 
for  periodate oxidation. Lactic acid does not inter- 
fere with the periodic acid reaction if the reaction 
is carried out at room temp. F a t t y  acid and glycer- 
ine contents determined in this manner  agree well 
with the values obtained using the s tandard  AOCS 
Methods 0-4-40 and Ca-14-56, respectively. 
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Abstract  

A chromatographic  procedure is described for 
the elution separat ion on alumina for 100-rag 
samples of methyl  pahni ta te  and f a t ty  ester- 
mercuric  acetate adduets. Oleate and linoleate 
were obtainable in pure  fo rm;  however, the lino- 
lenate adduet  did not separate eompletely f rom 
the linoleate adduet. For  quant i ta t ive results 
the use of a lumina of proper  act ivi ty and ba- 
sieity is essential. E ther  with small anlounts of 
acetie acid is a suitable eluant. Since the original 
esters can be regenerated easily the ability to 
isolate individually the oleate and the linoleate 
adduets in high yield ean be useful in radio- 
bioehemieal work. 

Introduction 
TTEMPTED separations of the f a t ty  acids f rom small 

samples (ca. 100 rag) have employed three gel> 
eral methods: (a) direct separat ion of the acids or 
their  esters by physical means (1,2,3,4); (b) con- 
trolled oxidation of unsaturates,  with subsequent 
fraet ionat ion (5,6,7,8); and (c) the formation of 
derivatives or adducts to magni fy  differences in 
propert ies  before fraetionation.  Disadvantages of di- 
rect separat ion and oxidation procedures are that  
the former  generally are incomplete and the lat ter  
do not permit  recovery of the intaet unsatura ted  
aeids. Some derivatives may promote separation but 
fail  in the requirement  for  f a t ty  aeid regenera- 
tion (9). Mercuric acetate adduets are potential ly 
suitable in both respects. They have been used to 
separate  sa tura ted  f rom unsa tura ted  f a t ty  acids on 
Florisil  (10) and on silica gel (11) columns. Re- 
cently, par t ia l  separations of the adduets of indi- 
vidual  unsa tura ted  components have been reported 
on silica gel (12). 

The present  repor t  concerns the adaptabi l i ty  of 
a lumina as an adsorbent  in separat ion procedures 
which employ mercuric  acetate adduets. 

Materials and Methods 
Samples of methyl  palmitate  and oleate of high 

pur i ty  were obtained f rom the Hormel  inst i tute.  
Linoleate of 98% minimum pur i ty  with oleate as 
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tile contaminant  was isolated by urea adduet  frae- 
tionation f rom the mixed methyl  esters of safflower 
oil (13). Pure  linolenate was extracted as its mercuric 
acetate adduet  f rom linseed oil methyl  esters (14). 

Basic and neutral  aluminas of different degrees of 
act ivi ty (adsorbi~lg eapacity)  were prepared by sup- 
plying known amounts of deionized water  to the an- 
hydrous material.  The degree of deactivation was 
proport ional  to the amount of water  added. Activi- 
ties I, lI ,  I I I ,  and IX" refer  to the different grades of 
almnina established for s tandardizat ion purposes by 
Brockmann and Schodder using a number  of azo 
dyes (15). These grades were obtained through the 
a~ldition of 0%, 35{, 6 ~ ,  and 1 0 ~  water, respec- 
tively, on a w / w  basis to the d ry  metal  oxide. No 
a t tempt  was made to remove moisture that  may have 
been present on the alumina before the deactivation 
t reatment .  

A sample of methyl  ester weighing about 100 mg 
and of known eomposition was dissolved in 1 nfl of 
methanol and heated at 80C for 30 lnin in the pres- 
ence of mercuric acetate, 2 0 ~  in excess of the theo- 
retical amount needed to react with the double bonds. 
The reaction mixture  was cooled to room temp and 
t ransfer red  in 10 ml of ethyl ether to a previously 
prepared  column of 15 g of alumina, 11.5 cm high by 
1.3 cm wide, covered with ether. A water  jacket at 
15C surrounded the colmnn. Elut ing solvents with 
increasing proport ions of acetic acid in ether and 
corresponding increasing eluting power were passed 
through the colulnn in stepwise manner.  The flow 
rate was between four  and five ml 'rain. 

Solvent was removed from the ehtatcs with a ro ta ry  
evaporator  unti l  a residual vol of approx  10-20 ml 
remained. Following decomposition of the adducts 
by a 10-rain t rea tment  at room temp with 100 ml of 
methanol-ether (1:1, v v) and 10 ml of eoneen- 
t ra ted hydroehloric acid, the homogeneous solution 
was t ransfer red  to a separa tory  fmmel  with 100 ml 
of hexane. Af te r  the epiphase was extracted with 
water  and dried on a eellulose eolunm, the solvent 
was removed and the residue t ransfer red  with metha- 
nol to a 50-nil volumetric flask and made to vol. 

A siluplified speetrophotometrie determinat ion for 
ester groups (16) was used on an aliquot of the 
nlethanolie solution. A fur ther  aliquot was analyzed 
for ester compositiou by gas liquid part i t ion ehroma- 
tography  under  conditions described previously (17). 
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TABLE I 

Oomparison of A luminas  for the Separa t ion  of ),fereuric Acetate Adducts  and Methyl Pahn i ta te  

E x p e r i m e n t  
Ahun ina  

1 .................................................... 

2 .................................................... 

3 .................................................... 

4 .................................................... 

5 .................................................... 

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 .................................................... 

8 .................................................... 

9 .................................................... 

10 .................................................... 

11 .................................................... 

Act iv i ty  
~rade a 

1.:sI ers b 

E l u a n t  

Yol Acetic c 

n~l % 

l e o  
200 0.6 

100 ...... 
300 4,0 

"Weighed 

m g  

12,8 
63.0 

12.5 
83.0 

K i n d  

Merck (old) a 
basic 

basic 

Merck (new) a 
basic 

Woelm 
basic 

basic 

basic 

basic 

basic 

neu t r a l  

neu t r a l  

neu t r a l  

I 

I 

I 

I 

IiI 

III 

III 

IV 

II 

111 

III 

P 
O 

P 
O, Le 

P 
O, Le 

P 
O 

P 
O 

P 
O, Le 

F 
O. Le, Len 

P 
O. Le, Len 

P 
0.  Le, Len 

P 

O, Le, Len 

P 

0,  Le, Len  

100 
3O0 

10o 
200 

100 
200 

100 
300 

100 
30o 

100 
300 

100 
3OO 

10o 
100 
30O 

100 
100 
3OO 

12.6 
72.0 

15.6 
36.4 r 
15.9 
41L4 

18.4 
91.2 

11.4 
89.4 

12.5 
91.3 

14.4 
83.1 

14.4 

85.1 

9.9 

90.6 

Amount  of Ester  

Reeovered 

m g  

13.2 
62,3 

13.7 
80.9 

4.0 

0.6 

(l.O 

4.0 

10.O 

10.0 

10.0 

10.0 

10.0 

12.1 
56.5 

2.7 
37.3 

15.9 
43.2 

17.0 
90.3 

11.6 
80.1 

12.7 
83.3 

i 13.5 
' 75.9 

i 14.3 

I 86.4 

10.2 

90.5 

Difference 

m g  

+0.4 
- - 0 . 7  

+1.2 
- - 2 . 1  

--0.5 
--15.5 

--12.9 
+0.9 

0.0 
+o.8 
--1.4 
--0.9 

+ 0 . 2  
--9.B 

+0.2 
--8.0 

--0.9 
--7.2 

--0.1 

+ I . 3  

+ o . 3  

--o.1 

" I, I I ,  I I I ,  and  I V  refer  to the add i t ion  of 0%, 3%, 6%, and  10% water,  respectively, to the 
b p,  O, Le, and  Len  refer  to pahni ta te ,  oleate, linoleate, and l inolenate ,  respectively.  
e Percentages  of acetic acid in  ethyl ether on a v / v  basis. 
d The old 5Ierck a lumina  was purchased  a t  least  3 yr earl ier  than  the new. 

anhydrous  a lumina  on a w / w  basis (15) .  

ResuRs and Discussion 
Separation of Saturated from Unsaturated Methyl 

Esters. Mercuration of fatty ester mixtures and sub- 
sequent adsorption chromatography on alumina pro- 
vided a means for separating the saturates from the 
unsaturates. Palmitate and the mixed oleate, linole- 
ate, and linolenate mercurials were quantitatively sep- 
arated on neutral alumina in activity I i I  (Table I) .  

The basieity and degree of activity of the almnina 
were important in obtaining a satisfactory separation. 
Complete recovery of the palmitate was not possible 
with all basic aluminas of activity I under the chosen 
conditions (Exp. 4) .  Basic aluminas of activities III 
and IV permitted recovery of the saturated esters, 
but the unsaturated groups could not be regained 
completely (Exps. 5,6,7,8). Neutral alumina of activ- 
i ty  III (Exps.  10 and 11) permitted separation of 
saturated from unsaturated and recovery of all four 
components. The data suggest that the basic adsorb- 
ent effeeted a partial ester hydrolysis on the column. 
That the desired separation was not a particularly 
close one was shown by the fact that ethyl ether in 

TABLE I I  

]~Iution Separa t ion  of l~[ereurated ~ i ix ture  of Palmita te ,  
Oleate, and Linoleate  a 

E l u a n t  Elua te  

uCnOnLc - - - ~  % Composi~-~ion a 

100 0 0 12 0 100 . . . . . . . . . . . .  
300 I 0.4 33.2 / ...... l 97 I 3 I 
lOO 04 3o2 lOO .... 

I 300 1 2 . 5  / 44.5 I ...... [ ...... I 100 1 

% 
Recov- 

ery 

97 
97 
89 
90 

a Mixture  p repa red  f rom 12.4 mg palmitate ,  34.1. mg oleate, and  49.4 
mg b linoleate. 

% acetic acid in ether ( v / v  bas i s ) .  
e Woelm neu t r a l  a lumina  ac t iv i ty  grade I I .  Column I conta ined 15 

g a l u m i n a ;  Column I I ,  5 g, was  used to rechromatograph  the second 
f rom Column I .  

d Dete rmined  by gas chromatography.  

100 ml excess of the amount  usual ly employed to 
eluate the saturates  did not elute any unsatura ted  
mater ia l  (Exps.  10 and 11). 

Separation of Oleate a~ld Linoleate. Under suitable 
conditions pahnitate,  oleate, and linoleate could be 
isolated each f rom the others in yields of 90% or 
better (Table I I ) .  The eluant  for the oleate fraction, 
0.45/c acetic acid in ether insured that  all oleate was 
removed f rom the column. The small proport ion of 
contaminat ing linoleate (3%)  was removed by rapid  
passage of the eluant  through a second column of 
only 5 g of almnina. Both columns employ the neu- 
t ral  product  of act ivi ty I f .  Most of the linoleate was 
eluted f rom the first eolmnn with 300 ml of 2.5% 
acetic acid in ether. 

Separation of Oleate, Liuoleate, a,n,~l Linolenatc. 
Although the major i ty  (93%) of oleate was removed 
f rom the other unsa tura tes  in pure  form, the isolation 
of pure  ]inoleate and ]inolenate was not achieved on 
a single column (Table I I I ) .  However,  concentrates 
of 98% linoleate and 82% ]inolenate were obtained 
with recoveries of 86% and 569;, respectively. 

Tailing of tile mlsa tura ted  adduets was a serions 
problem in obtaining absolute separations. Before all 

T A B L E  I I I  
E lu t ion  Separat ion of Mixture  Con ta in ing  Linolen ic  Es ter  Adduct  a 

E l u a n t  Elua te  

Vol- % 
ume Acetic 

( m l )  

I00 0.0 
250 0.3 
250 0.4 
250 2.0 
250 2.O 
200 10.0 

To!al .................... 

\Veigbt  

12,6 
27.4 

2.7 
38.a 

5.3 
6.9 

.-~3.2 

% Composit ion 

- -  ~ 0 L E  

100 . . . . . . . . . . . .  
...... 100 ...... 
...... 46 54 
. . . . . . . . . . . .  98 I 
. . . . . . . . . .  40 [ 
< 1  < l  / ] 8  I 

L E N  -i  

82 

% 
Recov- 

ered 

94 
93 

97 

a Mixture  p repared  from 13,4 mg palmitate ,  29.4 mg oleate, 43.8 mg 
linoleate,  and 10.2 mg l inolenate.  Column conla ined 15 g of a lumina  I I .  
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the oleate elated from the column, some linoleate 
appeared in the eluant. The difficulty was even more 
pronounced in the linoleate-linolenate separation. 

Woehn neutral alumina of activity II was used 
in these experiments because further deactivation 
resulted in less separation of the oleate-linoleate 
mixture. 

The lack of complete recovery, particularly of the 
more unsaturated esters, is believed to be a result of 
irreversible adsorption rather than loss during ad- 
duet decomposition and subsequent handling. Tests 
with the linoleate derivative including all the experi- 
mental procedure except passage through the column 
showed 99% recovery of the ester. 
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Chromatographic Analysis of 
Composition of Castor Oil 1 

Seed Oils. Fatty Acid 

R. G. BINDER,  T. H. APPLEWHITE,  G. O. KOHLER,  and L. A. GOLDBLATT,  Western Regional 
Research Laboratory, 2 Albany, California 

Abstract 
The fatty  acid composition o f  a number of 

domestic and foreign castor oils was determined 
b y  consecutive eolmnn and gas-liquid chronlato- 
graphic analysis. After saponification of the oils 
a n d  removal of the unsaponifiables, the n o n h y -  
d r o x y ,  m o n o h y d r o x y ,  a n d  dihydroxy acids w e r e  
fractionated by partition chromatography on si- 
licit acid. The amount of acid in each fraction 
was determined by titration or weighing. Gravi- 
metric data were in good agreement with the 
titrimetric data. The acids obtained by saponi- 
fication were converted to methyl esters with dia- 
zomethane and similarly subjected to partition 
chromatography. The methyl esters from various 
fractions were analyzed by gas-liquid chromatog- 
raphy. Components were tentatively identified by 
their comparative retention times and confirlned 

1 Presented at the AOCS meeting in Chicago, 1961, 
A laboratory of the V~rester~. Utilization Research and Development 

Division, Agricultural Research Service, U.S.1).A. 

b y  their behavior following hydrogenation a n d  
their ultraviolet spectra following alkali isolneri- 
zation. Details concerning characteristics of the 
oils exanlined, of the procedures used, and of the 
results obtained are presented. 

Introduction 

T HE DETERMINATION of the fatty acid composition 
of castor oil presents a number of difficulties that 

are not experienced with nlost other vegetable oils. The 
presence of a v e r y  large proportion (about 90~-) of a 
hydroxylated acid. ricinoleic acid, makes the accurate 
determination of the nfinor component acids rather 
difficult. The accurate determination of ricinoleic acid 
itself presents problems because it is a secondary alco- 
hol mixed with other secondary alcohols; it is unsatu- 
rated mixed with other unsatnrates ; a n d  as  a h y d r o x y  
acid it is subject to interesterifieation. Methods used 
previously require lengthy and tedious procedures, 
a n d  some components nmst be obtained by difference. 

T A B L E  I 
Fatty Acid Composition of Castor Oils a 
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Palmitic 
% 

0.5 r 

Stearic O/eic 
% % 

3 b 9 
8 
3.6 7.2 
0.3 7.2 
1.1 b 
2.4 d 7.4 
0.9 d nil 
0.8 c 0 .1 -6 .8  

: 1 . 0 - 3 . 5  a 

0 .7 -1 .0  

a \Vt  % of total fatty acids except E i b n e r  and  5fiinzing gave % based 
on oil. 

b Stearic plus dihydroxystearic reported as saturated acids. 
e Includes oleic acid, 
aReported as saturated acids. 

Linole ic  
% 

3 

1,4 
3.6 
6.6 
3.1 
5.4 

Linolen ic  C2o 

% i % 
...... I ...... 

7 ': ...... 

I 3 .9 -5 .0  ...... < 0 1  ~ 
4.5 . . . . . . . . . . . .  

I ...... i ...... [ ...... 
...... [ ...... 

E'f ~:~' �9 ..... I ...... 5 .1-5 .s  3.4-a.5 :::::: i ...... 
_-.62~'.~ I 4.f'-';.v o.,~-0.~ , 0.3-0.8~ 

Ricinoleic stearic 
% % 

80 35 
84 1 
86.4 1.4 
87.8 1.1 
92.3 c 1.1 b 
87.0 0,6 
92.6  0,6 

85 .9 -94 .9  0 .5 -1 .0  

9 0 - 9 3  . . . . . .  
82 ~ 
91::, :::::: 

35.5-36 o 1.6-2.4 
85 .5 -87 .9  
8 7 . 7 - 9 0 . 4  0.6~1.1 

Saturated acids r a n g e  0 . 2 - 2 . 5 ~ .  Suggested composition was 8 %  
myrist e, 3 7 %  pahnitic, 5 7 %  stearic,  and  5% araehidic (or dihydroxy-  
stearic).  

fdfostly eicosenoic acid. 


