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With  respect to the quant i ta t ion of the total toxicity 
of the pigment  glands and the various constituents, 
it should perhaps  be pointed out that  gossyverdurin 
is a very  unstable compound and it may be that  a 
significant amount  of the gossyverdurin decomposed 
and was lost dur ing the isolation process. 
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The Separation of Glycerides by 
Liquid-Liquid Column Partition Chromatography I 
B. C. BLACK and E. G. H A M M O N D ,  Department  of Dairy and Food Industry, 
Iowa State University of Science and Technology, Ames, Iowa 

Abstract 
A l iqu id - l i qu id  p a r t i t i o n  c h r o m a t o g r a p h y  

method was developed to separate  triglycerides. 
The solvent was a two phase mixture  of acetone, 
heptane, and water  suppor ted  on silane t reated 
eelite. A s tudy  was made of the best means for  
equil ibrating the solvents and support ,  packing 
the column, and introducing the sample. The 
effect of various operat ing variables such as flow 
rate, sample size, column length, and solvent com- 
positions was studied using t r i laur in  and t r imy-  
ristin as model glyeerides. Under  the best condi- 
tions achieved, it was calculated that  glycerides 
differing by  two carbon atoms or one double 
bond would not separate  completely, but  glycer- 
ides differing by two double bonds or four  carbon 
atoms would be separated. Cocoa butter ,  a rela- 
t ively simple triglyceride, was fractionated,  and 
the fa t ty  acid composition of each f ract ion was 
determined by gas chromatography.  The g]yeeride 
composition was calculated and compared with 
theoretical compositions. The results indicate that  
useful glyeeride separation can be obtained with 
this system. Probably  even more useful  separa- 
tions could be obtained if a more sensitive device 
were used to detect the tr iglyeerides in the 
effluent. This would allow the use of solvent com- 
positions which give larger  retention volumes and 
more plate efficiency. 

Introduction 

L IQUID-LIQUID P A R T I T I O N  C'I~IROMATOG1%API~Y has dem- 
onstrated its abil i ty to give analyt ical ly useful 

separat ions of f a t t y  acids and tr iglycerides according 
to chain length and unsaturat ion.  The reversed-phase 
system based on siliconized celite, developed by How- 
ard and Mart in  (1), has been par t icu lar ly  useful  f o r  
separat ing long chain f a t ty  acids. Various paper  
and thin-layer par t i t ion chromatography  methods f o r  
separat ing glycerides have been reported,  but  they 

1 Journal  Paper  No. J-4517 of the Iowa Agricultural and Home Eco- 
nomics Experiment Station, Ames, Iowa, Project No. 1517. Presented 
at the AOCS meeting in Toronto, Canada, 1962. Based on a thesis 
presented by B. O. Black in partial fulfillment of the requirements for 
a master 's  degree. 

are seriously limited in the amount  of glyceride they 
will separate  (2,3,4). This has lef t  quant i ta t ive esti- 
mat ion of the glycerides subject to considerable error. 
Recently Hirsch (5) has repor ted a liquid-liquid col- 
umn chromatography  method for  tr iglycerides and 
other lipids using factice as a support .  

This paper  reports  a s tudy of factors  affecting the 
separat ion of the synthetic simple triglycerides, tri- 
laur in and t r imyris t in ,  by liquid-liquid par t i t ion chro- 
ma tography  with silane t reated Celite as a support .  
This informat ion was then applied to the fract ionat ion 
of cocoa butter .  

Experimental 
The appara tus  used to f raet ionate  the t r ig lyce r ides  

is shown in F igure  1. Columns 1.8 cm inside diameter  
of various lengths were used. The s ta t ionary  phase 
was silane treated celite p repared  according to How- 
ard and Mart in  (1).  The solvent system was a two- 
phase mixture  of acetone, heptane, and water.  The 
percentage of each component depended on the tri- 
glycerides to be fractionated.  The packing was pre- 
pared  by equil ibrating the celite with the solvent in 
a large separa tory  funnel  in a 30r water  bath. The 
eelite and the lower (or mobile) phase were allowed 
to run  into the column, and the celite was packed 
f requent ly  with a plunger.  The remaining lower 
(mobile) phase was put  into a jacketed reservoir and 
used to elate the glycerides. The sample was intro- 
duced into the column (10 mg each of t r i laur in  and 
t r imyr is t in  or 17 mg of cocoa but ter  dissolved in pure  
heptane, 100 m g / m l ) ,  and the reservoir of eluting 
solvent was placed at the top of the column. The frac-  
tions eluted f rom the column were collected by an 
'automatic f ract ion collector. The flow rate  of column 
was controlled by a teflon plug stopcock. The Solvent 
in each fract ion was evaporated,  and the elution of 
the tr iglycerides f rom the column was monitored by 
the colorimetric ester method of Hack  (6).  

When  cocoa bu t te r  was analyzed, duplicate runs  
were made. One run  was analyzed colorimetrically to 
construct a weight curve. In  the duplicate run, the  
solvent in each f ract ion was evaporated under  a 
s t ream of purified nitrogen. The fract ions were corn- 
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bined into 12 groups of sufficient size for  f a t ty  acid 
analysis, using the weight curve as a guide. The 
eombined fractions were weighed and converted to 
methyl esters by refluxing the sample in methanolie 
sodium hydroxide for 1.5 hr (7). Then the samples 
were acidified with concentrated hydroehlorie acid, 
diluted with five vol.umes of water, and extraeted with 
Skellysolve B. The solution of methyl esters in Skelly- 
solve B was neutralized and dried by shaking with a 
1:1 mixture of sodium sulfate and sodium bicarbonate 
(8). The methyl esters were analyzed by gas-liquid 
chromatography (GLC) using a thermal eonduetivity 
detector. The column was 8 f t  long and packed with 
Craig's (9) butandiol suecinate polymer on ehromo- 
sorb. The peaks were identified by comparison with 
known methyl esters. F rom the areas under  the peaks, 
determined by triangulation, the weight pereentages 
of the methyl  esters were calculated. The number of 
theoretical plates and the separation factor  were cal- 
culated by the methods used in GLC (10). 

The phase diagram of aeetone-heptane-water was 
constructed by measuring the amounts of water that  
must be added to' get two phases at various ratios of 
acetone and heptane. The plait  point was found by 
starting" with a definite amount  of acetone and adding 
heptane and water unti l  two phases just  formed and 
the two phases had equal volumes. 

Results and Discussion 
Factors Affecting the Separation of Trilaurin and 

Trimyristin. Figure  2 is a phase diagram for  acetone- 
heptane-water at 30C. The phase diagram was an aid 
in choosing a suitable solvent. A solvent composition 
near the plait  point (the point where the two phases 
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Fla. 2. Phase diagram for the acetone-heptane-water system 

at 30C. 

are most similar) should be selected for a favorable 
part i t ion coefficient. Tie lines were assumed to be 
parallel to a tangent  through the plait point in the 
region near the plait point. 

The silane t reated celite did not act as an inert  sup- 
port  for  the stat ionary phase, but disturbed the equi- 
librium between the two phases. The amount  of station- 
ary phase and, presumably, the composition of the 
absorbed phase varied with the ratio of stat ionary 
phase to mobile phase to weight of celite. Table I 
shows the effect when aeetone-heptane-water (7.5:1.5:1 
by volume) was used. To overcome this, the solvent 
mixture and support  were equilibrated in a large 
separatory funnel  placed in a water bath at 30C. This 
mixture was used to pack the column and to elute the 
sample. 

Several methods of packing were tr ied to get a 
uniformly packed column. Bubbles often formed in 
the column af te r  it was packed. These could be 
removed by the stirring of the column contents, but 
this led to a reduced plate efficiency. Howard and 
Martin (1) recommended st irr ing similar columns 
with a perfora ted plunger which was moved up and 
down in the column during packing. This method re- 
moved the bubbles, but  the plate efficiency was not 
improved over simple gravi ty  packing. Therefore, 
when short columns (30.5 or 61 cm) were used, the 
packing was allowed to settle by gravity. When long  
columns (150 cm) were used, the celite was tamped 
down f requent ly  during packing with a glass tamper 
which just  fit into the column. 

The sample should be pu t  in solution in a small 
segment at the top of the column (ideally the volume 
represented by  one theoretical plate).  Since long 
chain fats with low degrees of unsaturat ion are not 

T A B L E  I 
The  A m o u n t s  of Stationary Phase Absorbed by 1 g of Silane-Treated 

Celite Under Various Conditions 

Tubes  . I I I  I I I - - I  IV  
I 

M1 of s t a t iona ry  i t i i 
phase added ................... i 0.2 ] 0.5 i 1.0 [ 2.0 

M1 of mobile i ] ] ] 
phase added ................... I 5.0 I 5.0 I 5.0 I 5.0 

M1 of s t a t ionary  I I I I 
phase after I I I I 
equi l ibrat ion .................. I 0.0 i 0.1 I 0.5 I 1.3 

M1 of s t a t ionary  ] I i I 
phase absorbed .............. I 0.2 I 0.4 J 0.5 I 0.7 
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FIG. 3. Sepa ra t ion  of  t r i l au r in  and  t r i m y r i s t i n  achieved on 
si lane t rea ted  celite columns 30.5 cm ( A ) ,  61 cm ( B ) ,  and  150 
cm long (C) .  

very  soluble in most solvents, this meant  tha t  the 
sample size had to be restricted. I f  all the sample 
did not dissolve, the sample was eluted as a peak 
followed by a long tail. The sample size was reduced 
unti l  no tail could be seen. This was about 17 mg 
for  cocoa but te r  and 10-12 mg for t r i laur in  and tri- 
myrist in.  Fu r the r  reduction in sample size did not 
appreciably improve plate efficiency. Since solution of 

t h e  sample in the mobile or s ta t ionary  phase required 
large solvent volumes or caused phase separation, the 
sample was introduced in about 0.1 ml of heptane. 

The silane t reated celite was usual ly  screened to 
50-70 mesh (U.S. s tandard) .  This allowed a rapid  
flow of solvent. Bet ter  separat ion and plate eff• 
were obtained at slow flow rates. The slowest flow rate 
pract iced in these experiments  was 60-70 ml /hr .  
Slower flow rates  required the stopcock to be thrott led 
so much tha t  it rap id ly  became blocked with fine 
celite particles. Hirsch (5) has explained bet ter  sepa- 
rat ion result ing f rom slower flow rates in terms of a 
steric effect; i.e., the large glyceride molecules might  
have difficulty penet ra t ing  the pores of the packing. 
A slower flow rate  or more open packing would facili- 
tate this exchange. Theoretically, there should be an 
opt imum flow rate  balance between the lag in  equilib- 
r ium of the solute between s ta t ionary and mobile 
phases and diffusion of the solute just  as in GLC. 

Three lengths of column were used: 30.5, 61, and 
150 cm. There was an increase in the number  of 
theoretical plates with the increase in the length of 
column while the separat ion factor  remained essen- 
t ial ly constant. However,  the height of a theoretical 
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FIG. 4. Sepa ra t ion  of t r i l au r in  a n d  t r i m y r i s t i n  achieved on 
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plate increased with increasing column length. Prob- 
ably the long columns could not be packed as uni- 
fo rmly  as the short  ones. F igure  3 shows the increase 
in separat ion of t r i luar in  and t r imyr is t in  with in- 
creasing column length at constant solvent composi- 
tion. Curve A is f rom a 30.5 cm column with 90 
plates;  Curve B is f rom a 61 cm column with 144 
plates;  and Curve C is f rom a 150 cm column with 
269 plates. 

While this work was in progress, Hirsch  (5) pub- 
lished a paper  describing the separat ion of glycer- 
ides which he obtained with columns of " l a t t i c e , "  a 
polymerized vegetable oil, as a s ta t ionary  phase and 
support .  I t  was hard  to calculate the plate  efficiency 
and separat ion factors f rom his da ta ;  however, in 
general, he seemed to obtain less separat ion factor  but  
bet ter  plate efficiency than our columns gave. The 
higher plate efficiency which he obtained m a y  be 
par t ia l ly  because he used a column of smaller diame- 
ter  which could be packed more uniformly.  

A comparison between the si lane-treated celite and 
the factice column was made. A 61 cm factice column 
was p repared  according to the procedure of Hirsch, 
and the t r i laur in  and t r imyr is t in  s tandards  were in- 
t roduced into the column and eluted with an acetone- 
water  solvent (95% acetone, 5% water) .  F igure  4, 
Curve A shows the results using the silane t reated 
celite column. Curve B shows the results using the 
factice column. With  silane t reated celite (Curve A) ,  
a separat ion fac tor  of 1.80 and a plate efficiency of 
73 p la t e s / f t  were obtained f rom the t r i laur in  and 
t r imyr is t in  peaks. With  the factice column (Curve 
B) ,  a separat ion factor  of 1.56 and a plate efficiency 
of 94 p la t e s / f t  were obtained f rom t r i laur in  and tri- 
myr is t in  peaks. This difference in plate efficiency in 
these experiments  may  be a reflection of the difference 
in " d e a d "  vo]unle of the celitc and factice matrices. 
The actual  separat ion achieved was slightly bet ter  
with the factice support .  
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:F la .  5. S e p a r a t i o n  o f  t r i l a u r i n  a n d  t r i m y r i s t i n  a c h i e v e d  on  

a 61 c m  s i l a n e  t r e a t e d  c c l i t e  c o l u m n  w i t h  v a r y i n g  p e r c e n t a g e s  o f  
w a t e r  ir~ t h e  s o l v e n t .  T h e  p e r c e n t a g e  o f  w a t e r  w a s  i n c r e a s e d  
f r o m  c u r v e  A t o  D .  

Figure  5 shows the separation obtained with 
t r i laurin and tr imyrist in mixtures on a 61 em col- 
umn with various solvent compositions. The composi- 
tions of acetone-heptane-water were 5:1:0.628 for A, 
5:1:0.667 for B, 5:1:0.704 for  C, and 5:1:0.740 for D. 
The number of plates per foot of column and separa- 
tion factors were calculated. They were: separation 
factor 1.75 and 35 p la tes / f t  for Curve A;  separation 
factor 1.79 and 56 p la tes / f t  for Curve B;  separation 
factor 1.80 and 73 p la tes / f t  for Curve C; and separa- 
tion factor  1.81 and 90 p la tes / f t  for  Curve D. Thus 
the separation factor is about the same for  the two 
glycerides at all  solvent compositions tried, but  the 
plate efficiency increases as the retention volume in- 
creases. Similar effects have been noted in GLC (10). 
This increase in plate efficiency is not affected by the 
sample size, since halving the sample size did not in- 
crease the efficiency. One cannot increase the retention 
volume much more than in Curve D. As the reten- 
tion volume increases, the peaks get flater. The eolori- 
metric measurement used was sensitive only to about 
0.1 mg of trig]yceride. When the peaks get low and 
flat, the accuracy of measuring the quant i ty  of glyc- 
eride is poor. 

An Examination of Cocoa Butter Glycerides. On 
the 150 cm column packed with silane t reated celite, 
triglycerides differing by six carbons were completely 
separated. I t  was estimated that  triglycerides dif- 
fer ing by four  carbons should be barely separated. 
Instead of testing this on synthetic triglycerides, cocoa 

T A B L E  I I  

~gVeight and  Molar  Compos%ion of the  T w e l v e  F r a c t i o n s  of Cocoa B u t t e r  

F r a c t i o n  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Composi te  
Or ig ina l  

f a t  

W e i g h t  Pa lmi t i c  
( rag)  

0.7 59.4 
2.1 53.5 
2.0 4 9 . [  
1.5 45.5 
1.4 39.4 
2.0 34.5 
2.2 25.4 
2.0 19.8 
1.0 16.7 
1.6 10.2 
1.1 6.2 
0.6 

18.2 31.1 

16.9 29.1 

O,eic 

27.0 
32.0 
32.g  
33.5 
33.5 
33.9 
33.7 
34.2 
34.3 
33.8 
33.5 
33.2 

33.6 

34.4 

Stear ic  

5.7 
7.8 

12.4  
19.4 
27.1 
31.6 
40.9 
46.0 
49.0 
54.4 
60.3 
66.8 

33.3 

33.9 

Linole ic  Pa lmi t -  
oleic 

4.7 3.2 
3.7 3.0 
3.6 2.1 
1.6 

1.6 

1.2 0.8 

1.8 0.8 

butter  was used since it represents a relatively simple 
tr iglyceride mixture.  

The 150 cm coluinn was filled with 130 g of silane 
treated eelite equilibrated with aeetone-heptane-water 
(5:1:0.629). A 16 mg sample of cocoa but ter  was 
added in 0.16 ml of heptane. The fraetions were co]- 
leeted, evaporated and analyzed spectrophotometri- 
eally using Hack 's  (6) procedure for  the color test as 
described in the experimental  section. The results 
are shown in F igure  6. The weight curve consists of 
three par t ia l ly  resolved peaks which, presumably, 
represent the three major types of glycerides in eocoa 
butter :  1,3-dipalmito-olein (POP) ,  l-palmito-2-oleo- 
stearin (POS) ,  and 1,3-distearo-olein (SOS).  

A duplicate chromatographie run  was made using 
the same conditions and sample size. The solvent was 
eompletely evaporated under  nitrogen. When the frac- 
tions were completely evaporated, they were pooled 
into 12 large fractions, weighed, and transesterified. 
Eaeh of the 12 large fractions was analyzed by GLC. 
The weight percentage of each fa t ty  acid in eaeh of 
the 32 fraetions was calculated from the area under 
the eurves. The weight percentage of eaeh f a t ty  acid 
was eonverted to mole percentage, and this was used 
in the ealeulation of amounts of the various glycer- 
ides. The mole percentage of the acids is shown in 
Table I I  and Figure  6. 

The weight and eomposition of the calenlated com- 
posite of the fractions obtained from the colunm 
agreed fa i r ly  well with that  of the original coeoa 
butter.  

Studies on cocoa butter  with pancreatic lipase (11) 
have shown that  the beta position of the glyceride 
is almost 100% occupied by oleic acid. The data of 
Dutton et al. (12) have also indieated that each eoeoa 
butter  glyceride eontains at least one oleie acid. The 
present results were obtained with a sample of eoeoa 
but ter  relatively low in oleic acid. They indicate that, 
in the first fractions, if each glyeeride is to contain 
at least one unsatura ted fa t ty  acid, the aeid must 
sometimes be linoleie and pa]mitoleic. I f  the total 
unsaturated f a t t y  acid is ealeulated for all the frac- 
tions, it amounts to at least one-third of the total acid 
within experimental  error, thus confirming the ob- 
servation of Dut ton  et al. Although there really are 
small amounts of t r isaturated glyceride's in cocoa but- 
ter  (13), they cannot be detected under the present 
eireumstances. 

For  these reasons the following assumptions were 
made in calculating the glyeeride composition of the 
individual fractions from the f a t ty  acid analyses: 1) 
The beta position was completely unsaturated. 2) The 
presence of a double bond in a f a t ty  acid moiety made 
it behave in the separation like a saturated acid moiety 
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two carbons shorter. This has been demonstrated 
repeatedly  in paper  chromatography  and counter cur- 
rent  distr ibution (2,12). F rom this it follows tha t  
the major  glycerides of the first peak will be P O P  
and PO0 ,  2 in the second peak SOP and SO0,  and 
in the last peak SOS. 3) The t r iunsa tura ted  glyceride 
was negligibly small. 4) In  all f ract ions where Pc  
and /o r  L occurred with the O, the Pc and L were 
distr ibuted in the same way as 0 so tha t  the three 
could be summed as U. However,  in f ract ion 10 it 
was assumed that  the Pc present  was all in SPoS. 
5) The SUU had the same retention volume as the 
SUP so that  the SUU in the last six tubes represented 
half  of the total  SUU. To calculate the composition 
of the first six fractions, the first half  of the SUU was 
dis t r ibuted among the six fract ions in proport ion to 
the SUP in the fractions. Probably  none of these as- 
sumptions are entirely justified, but  they should not 
introduce much error  into the calculation. The re- 
sults of these calculations are given in Table I I I .  

The theoretical distr ibution of the glycerides in 
cocoa but ter  were calculated according to the assump- 

TABLE III 
Glyceride Composition of the Pooled Fractions in Mole Percent  

SUS 

22.7 
37.9 
47.1 
58.5 
80.9 
99.7 

SUP 

16.1 
21.8 
34.6 
54.3 
80.9 
93.1 
76.3 
59.4 
50.1 
30.6 
18.7 

Glycerides % 

P U P  

79.3 
62.1 
49.8 
40.5 
18.6 

5.2 

P UU '; ~'s ~.'~ 
I ( m g )  

3.4--1  ~ 
14.5 I 2.1 
13.0 2.0 

1.2 1.5 

Weight 
mg 

2.1 
2.0 
1.5 
1.4 
2.0 
2.2 
2.0 
1.0 
1.6 
1.1 
0.6 

SUU 

1.2 
1.6 
2.6 
4.0 
0.5 
1.6 
1.0 
2.7 
2.8 

10.9 
1.4 
0.3 

Frac- 
tions 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
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2Where  P,S,O,L,Po, and U stand for pahnityl, stearyl, oleyl, pal- 
mltoleyl, linoleyl and unsaturated acyl groups, respectively. 

TABLE IV 

Comparison of the Calculated and Experimental l~ole Percentage 
of the Triglycerides in Cocoa Butter  

Experimental ............... 

Calc. values, 
Dutton's 
distribution 
theory ...................... 

Calc. vaInes, 
Vander~cVal ' s 
distribution 
theory ...................... 

3.21 / 3.42 46.65 

3.63 I 3.88 45.62 

P U P  

21.0 

21.76 

SUP 

50.1 

SUS 

22.9 

24.91. 

21.34 24.40 

UUU 

0.05 

0.15 

T r i s a t .  
gly. 

0.90 

tions of Dut ton et al. (12) and of VanderWal  (14). 
In  the former  case the beta position of the cocoa but ter  
is assumed to be unsaturated,  and the remaining acyl 
groups are dis tr ibuted at  random in the a lpha posi- 
tions. In  calculating the distr ibution according to 
VanderWal ,  the experimental  values for  t r i sa tura ted  
glyeeride found on this sample of cocoa but ter  (0.9%) 
(13) and the total  sa tura ted  f a t t y  acids in the fa t  
were used to calculate the distr ibution of sa turated 
acid on the a lpha and beta positions. The g]yceride 
compositions f rom these theories is compared with 
the experimental  values in Table IV. The theoretical 
and experimental  values agree quite well. The high 
experimental  value for  SUP m a y  indicate that  the 
SOS and P O P  were not completely separated and 
gave an apparen t ly  high SUP value. 

F rom the colorimetric weight curve it  was estimated 
that  the three major  peaks should contain 3], 46, and 
23% of the total  glyceride. This agrees closely with 
the 25, 50, and 25% tha t  should be in each peak 
according to Dut ton ' s  distr ibution and the 25, 49, 
24% calculated f r o m  Vande rWal ' s  distribution. 

There is some evidence tha t  the effect of a double 
bond on the migrat ion of glyceride is not the same 
as tha t  of shortening the chain two carbons. Thus 
f ract ion 10 contains some Pc  which is presumably  
present  as SPoS. However,  this compound should 
migra te  with SOP and reach its max imum in tube 6. 
Likewise, SLS should be present  and reach a maxi- 
mum in t u b e  6, but  no linoleate was detected af ter  
tube 4. Kaufmann ,  Makus, and Khoe (4)  noticed 
similar discrepancies in the migrat ion of tr iglycerides 
in thin-layer chromatography.  
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