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FIG. 5. Preparative TLC o f  es ter i f i ed  h e a t e d  corn oil (66% PC). 
Band a: m o n o m e r  esters. Bands b and c: dimer esters. Solvent: 
petroleum ether/diethyl ether/acetic acid,  8 0 : 2 0  -2 (v/v/v). 

FIG. 6. GLC of bands isolated from preparative plate of  Fig. 5. 
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g, High Performance Liquid Chromatography of Triglycerides: 
Controlling Selectivity with Reverse Phase Columns 1 

R.D. PLATTNER, Northern Regional Research Center, Agricultural Research, Science 
and Education Administration, U.S. Department of Agriculture, Peoria, I L 61604 

A B S T R A C T  

Rapid separations of triglycerides by chain length and degree of 
unsaturation have been made by high performance liquid chro- 
matography (HPLC) using reverse phase columns. Several different 
bonded columns were evaluated for use in reverse phase HPLC of 
triglycerides, and differences in selectivity are discussed. Selectivity 
was also modified by adding silver ion to the solvent, which pro- 
duces marked changes in selectivity of solute triglycerides. 

I N T R O D U C T I O N  

High pe r fo rmance  l iquid ch romatography  (HPLC) is a 
relatively new technique  for  the analysis of  triglycerides. 
Separat ions  based on chain length and degree of  unsatu- 
rat ion have been repor ted  for tr iglycerides using reverse 
phase (1-7) and conven t iona l  silica HPLC systems (8). 
Triglycer ides  occur  natural ly  in comp lex  mixtures  contain-  
ing many  similar componen t s ,  so that  useful HPLC sepa- 
rat ions are difficult .  The  c o m p o n e n t s  may  differ  by as l i t t le 
as one double  bond or a few carbon a toms or  even differ  

1 Presented at the AOCS meeting in San Francisco, May 1979. 

only in the posit ions of  the acyl groups on the glycerol 
molecule .  An analysis of  the two mos t  impor tan t  factors 
that  cont ro l  the separations, i.e., the co lumn and the 
eluting solvent  system, has no t  been reported.  During the 
course of  our  work  with HPLC of  lipid mixtures,  we have 
used various types of  HPLC columns  and solvent  systems. 
Cont ro l  o f  these parameters  can greatly affect  the sepa- 
rations. 

The first choice  that  mus t  be made  in developing an 
HPLC separat ion is that  of  the column.  Reverse phase 
columns are generally considered to be best  for  separating a 
homologous  series of  components .  Fats and oils contain 
tr iglycerides made  up of  a complex  mix tu re  of  homologous  
series of  chain lengths and a homologous  series of  degrees 
of  unsaturat ions,  so that  reverse phase HPLC would appear 
to be the  procedure  of  choice. Despi te  the surprising fact  
that  separat ions of  chain length among  tr iglycerides could 
be made on silica co lumns  (8), the most  eff icient  sepa- 
rations have indeed been obta ined  with the reverse phase 
(RP) columns.  Because it is impor t an t  tha t  co lumns give 
reproducible  results, bo th  packing material  and packing 
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procedures must be carefully controlled.  Reproducibly 
packing the high-efficiency, micro-part iculate columns 
seems to be an "ar t  form;" it is probably advisable for the 
average user to buy prepacked columns. 

Reverse phase columns are made by bonding functional 
groups (usually hydrophobic  chains) to the silica by reac- 
tion of  the appropriate  chloro or alkoxy silane with a fully 
hydroxyla ted  silica. Several excellent reviews discuss this 
reaction (9,10). For  steric reasons, complete  reaction of  all 
silanol groups does not  occur. The resulting silica surface, 
then, is a mixture of silanols and bonded functional groups. 
Addit ional  silanols can be removed by following the initial 
bonding with reaction with t r imethyl  chlorosilane. Com- 
mon commercial bonding materials are octyl silanes and 
octadecyl silanes. The silanes can be monofunctional ,  
bifunctional, or trifunctional.  When bifunctional or tri- 
functional silanes are used, any unreacted groups on the 
silane can be easily hydrolyzed  to form a polymeric  coat- 
ing. Although this might seem desirable because of  the 
increased amount  of bonding, such polymers  generally 
deteriorate the efficiency of  the column (10). Free residual 
hydroxyl  groups also can greatly affect the performance of 
the column, and capping them with methyl  trichlorosilane 
will change the selectivity of  the resulting column. The role 
of  the chain length of the bonded phase is not  completely 
clear. Some differences in selectivity can be a t t r ibuted to 
chain length (11); however, the greatest change is observed 
in retention (12). The longer chain lengths have higher 
capacity, which means that  more material can be put  onto 
the column without  overloading, an impor tant  consider- 
ation in preparative work. With shorter chain lengths, the 
mass transfer is faster and bet ter  efficiencies can be ob- 
tained (12). Unfortunately,  most manufacturers of RP-LC 
columns do not  supply details about  how their columns are 
prepared or packed. Some manufacturers do supply the 
percentage of  carbon loading, but  these figures might be 
misleading because of  the effects of  polymerizat ion on 
columns that  are made from the reaction of polyfunct ional  
silanes. Also, these figures do not  indicate whether  the 
column has been methyl  capped and how this effects 
selectivity. The most important  features in an RP column 
for use with triglyceride mixtures are the column's  effi- 
ciency (theoretical plate count) and the column's  retentive- 
ness for triglycerides. High efficiency is impor tant  because 
many of the components  are closely related and only 
slightly separated. Columns with higher plate counts can 
show separations that  may not  be achieved on the lower 
efficiency columns, even though both types have the same 
selectivity. A column with high retentiveness for trigly- 
cerides is desirable because the separation of  these compo- 
nents occurs in solvents in which the component  trigly- 
cerides are only sparingly soluble, and it has been noted 
that  some components  can be lost on the column because 
of poor  solubili ty in the elution solvent (1). 

E X P E R I M E N T A L  P R O C E D U R E S  

Chromatograms were obtained with a Waters Associates 
ALC-201 liquid chromatograph.  Samples were injected as 
20% solutions in CHCI3 by means of  a U6K septumless 
injector. Components  were detected with either a Waters 
differential refractometer  (RI) or a DuPont infrared (IR) 
detector  set at 5.75 /a. A 1-mm CaF2 cell was used with 
the IR detector.  The sensitivity of the IR detector  at 0.1 
AUFS using this cell was approximately  equal to that  of  the 
RI detector  at the 8X setting. Sample sizes of  0.1-2 mg 
injected onto 25-30 cm x 3.8 mm columns gave adequate 
response on both detectors. The best  isocratic chromatog- 
rams were obtained when solvents were adjusted so that  all 

components  were eluted within 20 column volumes (ca. 60 
ml). A flow rate of  1 ml/min seemed to give opt imal  
resolution with all 30 cm x 3.8 mm and 25 cm x 4.6 
mmcolumns .  The 50 c m x  9 . 4 r a m  and 3 0 c m  x 7.8 mm 
semipreparative columns had optimal flow rates of  2-4 
ml/min.  The following columns were used: (a) 30 cm 
x 3.8 mm and (30 cm x 7.8 mm) gvBondapak C-18 (Waters 
Associates); (b) a 30 cm x 3.8 mm /a-Bondapak-phenyl 
(Waters Associates);  (c) a 30 c m x  7.8 mm Triglyceride 
Analysis column (Waters Associates) ; (d) a 25 cm x 4.6 mm 
Partisil-10 ODS column (Whatman);  (e) a 25 cm x 4.6 mm 
and a 50 cm • 9.4 mm Partisil-10 ODS-2 column (What- 
man); (f) a 25 cm x 4.6 mm Zorbax ODS column (Du- 
Pont); and (g) a 25 cm x 4.6 mm Zorbax C-8 column 
(DuPont).  

GLC analysis after collection identif ied some of  the 
components.  The procedures used for GLC were previously 
reported (1). 

Theoretical  plate counts were determined for all col- 
umns, using the equation:  

N= 16 2 

where V R is the retention time from injection and W is the 
peak-width as determined from tangents to the sides of  the 
peak. Acenapthalene was used as a reference compound.  

R t The elution solvent was adjusted for a of 2-5 for the 
acenapthalene on all columns. Calculated plate counts  were 
always within 10% of  the manufacturer ' s  claim for that  
column. 

R E S U L T S  A N D  D I S C U S S I O N  

Four  types of  columns with 18 carbon bonded  alkyl chains 
were examined. They were bt-Bondapak C-18 (Waters 
Associates), Zorbax ODS (DuPont),  and Partasil 10 ODS 
and ODS-2 (Whatman). Differences in retentiveness and 
selectivity were noted for all four columns. Three other  RP 
columns, the proprietary Waters Triglyceride Analysis 
column, the/a-Bondapak alkyl phenyl column (Waters), and 
the Zorbax C-8 (DuPont) column were also tested. 

The bulk of the previously published data (1-3) on 
HPLC of triglycerides was obtained from the /a-Bondapak 
C-18 columns. This packing is a micro-particulate,  fully 
porous, irregular-shaped silica (10/a particle size) to which a 
Cts group (not  defined whether  monofunct ional  or difunc- 
tional) has been chemically bonded at the 10% level by 
weight. The prepacked columns (3.9 mm id x 30 cm) are 
specified to have a minimum of "~3,000 pla tes /column 
(>9 ,000  plates/meter) .  The typical value for eight columns 
was 3,700 plates. The/a-Bondapak C-18 column has moder-  
ate retentiveness for triglycerides. Some difficulties are 
observed for fully saturated triglycerides (e.g., tristearin) 
because they are nearly insoluble in the elut ion solvents. 
The selectivity found for the /a-Bondapak C-18 column has 
been repor ted previously (1,2). Not much difference is 
observed between the selectivity for palmitoyl  acyl groups 
and oleoyl acyl groups, although the oleoyl-containing 
triglycerides elute slightly faster. Figure 1 shows the HPLC 
chromatogram obtained for soybean oil using the/~-Bonda- 
pak C-18 column. The peaks resulting from separat ion (by 
number  of  double bonds) of  triglycerides with eight to two 
double bonds/molecule  have been described in detail  (1,2). 

The Waters Triglyceride Analysis column, though no t  
identical to the /a-Bondapak C-18 column, gave separations 
that  were very similar in selectivity and column efficiency. 
The Waters column contains a proprie tary packing and very 
l i tde information is given about  it. I t  is a gel column of  
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some type, and the manufacturer  says it is therefore fragile 
and susceptible to solvent swelling and channeling with 
alcohol or water  solvent systems. Although the Waters 
column was somewhat  less efficient than the gt-Bondapak 
C-18 columns, its larger size (7.8 mm • 30 cm) compen- 
sated for this deficiency;  overall resolution of  components  
with this column and gt-Bondapak C-18 was about  the same. 

Two types of  Partisil-10 octadecyl  silane (ODS) columns 
were evaluated. Partisil-10 ODS is a 10-/a porous silica with 
400 m2/g surface area bonded with a Cls group (not 
defined whether mono- or difunctional).  The "carbon load"  
(carbon load refers to %C vs %Si) of  this column is some- 
what  lower than most of the other  commercial RP ClS 
packings. Partisil-10 ODS-2 has higher carbon load, which is 
said to be achieved through a different bonding process 
followed by "methy l  capping" of  the residual silanol 
groups. The plate counts specified for these columns are 
> 18,000 plates /meter  (or ca. 6,000 plates/25 cm column);  
the 25-cm columns examined had plate counts of 6,600 
(ODS) and 7,800 (ODS-2), respectively. A semipreparative 
50 cm • 9.4 mm Partisil M - 9 0 D S - 2  column had a plate 
count  of 13,500. The Partisil-10 ODS column did not have 
sufficient retentiveness for successful chromatography of  
triglycerides. The Partisil-10 ODS-2 column had slightly 
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FIG. 1. HPLC chromatogram of  soybean oil from �9 30 cm X 3.8 m m  
p-Bondapak C-18 column.  Elufing solvent: 1:1 �9  
f low: 1 ml /min.  
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FIG. 2. HPLC chromatogram of  soybean oil  from a 50 cm • 9.4 
m m  Partisil-10-ODS-2 co lumn,  mut ing  solvent,  3:1 acetone/aceton-  
itrile; f low:  2.5 ml /min.  

higher retention for triglycerides than the ~-Bondapak C-18 
columns; to obtain the equivalent retention values (K') for 
a given triglyceride, a slightly stronger solvent was needed, 
The higher efficiencies of  the Partisil-lO ODS-2 yielded 
sharper peaks with markedly different selectivity than that 
obtained with Cis gl-Bondapak.columns.  For  example, 
complete baseline separation of tripalmitin and triolein was 
possible at a K'  value of ca. 5, whereas only partial separa- 
tion of  these two triglycerides could be achieved at K r = 20 
on /a-Bondapak Cls.  Experiments with alteration of the 
solvent system using mixtures of methanol,  ethanol, aceton- 
itrile, acetone, methylene chloride and THF tended to show 
that  changes in selectivity for triglycerides seemed to 
depend more on column packing factors and that  selectivity 
was only slightly altered by eluting solvents. This was quite 
unexpected,  because a major change in selectivity for the 
fatty esters, methyl  palmitate and methyl oleate occurred 
when the eluting solvent was changed from water/methanol 
to water/acetonitri le.  The elution order of the methyl ester 
peaks was reversed on both Partisil-10 ODS-2 and gl-Bonda- 
pak C-18. A possible reason for the inability of solvent to 
markedly influence selectivity in triglycerides could be that 
the large size of  these molecules makes the difference in 
double bond number  less important  to solubility properties 
than in the much smaller fatty esters. 

Figure 2 is the HPLC chromatogram for soybean oil 
from the Partisil-10 ODS-2 column (50 cm x 9.4 mm). The 
solvent used to elute the triglycerides (total  elution in ca. 6 
column volumes) from the Partisil ODS-2 column was 3:1 
acetone/acetonitr i le,  a substantiallly stronger solvent than 

0 5 10 15 20 25 30 
Time, min. 

FIG. 3. HPLC chromatogram of  soybean oll from a 2J cm X 4.6 
m m  Zorbax ODS co lumn.  Eluting solvent,  acetone; f low: 1 ml/min.  
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the 1:1 acetone/acetonitrile solvent that produces similar 
retention with /a-Bondapak C-18. The greater retentiveness 
of Partisil-10 ODS-2 for triglycerides means that stronger 
solvents are used to du te  components and, therefore, 
separations are less prone to the loading and solubility 
problems previously reported (1) using gt-Bondapak C-18 
columns. 

Considerable fine structure is now visible instead of  the 
broad peaks observed with the /a-Bondapak C-18 column. 
For example, peaks 3 and 4 of Figure 1 are now partially 
resolved into two peaks each. Peak 3 of  Figure 1 has an 
equivalent carbon number (ECN) (1) of 42 and contains 
Cs2 triglycerides with five double bonds (primarily PLLn) 
and Cs4 triglycerides with six double bonds (primarily LLL 
with LOLn and others). In Figure 2, separation is observed 
between the Cs2 triglycerides (smaller peak) and the Cs4 
triglycerides (larger peak). Some indication of further 
separation is present on the back side of  the larger peak. 
Peak 4 of  Figure 1 has an ECN of 44, containing about 
equal amounts of Cs4 triglycerides with five double bonds 
(primarily LOL and LnOO) and Cs2 triglycerides with four 
double bonds (primarily PLL). These are resolved clearly 
into two peaks in Figure 2. Similarly, three major peaks are 
observed in Figure 2 in the vicinity of  peak 5 of  Figure 1. 
These triglycerides are composed primarily of mixtures of  
palmitoyl and oleoyl acyl groups with an ECN of 48. Figure 
2 was generated using the semipreparative (50-cm) column 
which had 13,500 plate count. With the analytical (25 cm 
• 4.6 ram) column (7,800 plates), the separations achieved 
were not quite as sharp. The differences could be attributed 
to the column efficiency because the selectivity and reten- 
tiveness of  the two columns were identical. 

The other C-18 column evaluated was a Zorbax ODS 
column. Zorbax ODS is a 6-tt diameter porous silica micro- 
sphere which is bonded with a linear aliphatic octadecyl 
hydrocarbon monomolecular layer (monofunctional silane). 
Maximal surface coverage is said to be achieved with the 
bonding process (25% bonded phase by weight). The 
manufacturer does not note whether the silica has been 
methyl capped. The Zorbax ODS columns showed the 
highest retentiveness of  all RP columns evaluated. They also 
yielded the highest plate counts. The manufacturer specifies 
that plate counts will exceed 8,000 for a 25 c m x  4.6 mm 
column, and the columns tested ranged from 12,000 to 
15,000 plates/column-substantially higher than the mini- 
mum specification. The separations achieved with Zorbax 
ODS columns were the most complete of any from the 
columns evaluated (Fig. 3). Using acetone to elute the 
triglycerides yielded similar K' values to using acetone/ 
acetonitrile (1:1) with Partisil 10 ODS-2 columns. The 
selectivity of  the Zorbax ODS and Partisil ODS-2 columns 
was virtually identical, but higher plate count and higher 
retentiveness of  the Zorbax column for triglycerides led to 
slightly superior separations. 

The Z0rb~x C-8 column was also evaluated with trigly- 
ceride mixtures. Zorbax C-8 is formed by bonding a mono- 
molecular layer of  octyl silanes to the Zorbax microparticu- 
late support. The retentiveness of the Zorbax C-8 column 
was similar to that of  tt-Bondapak C-18 with the same K' 
values, but  the selectivity was somewhat different. The 25 
cm x 4.6 mm column was quite efficient, showing a plate 
count of %10,000, and symmetrical peaks were observed 
for soybean oil (Fig. 4). No separation was achieved bet- 
ween tripalmitin and triolein. 

The last column evaluated for HPLC of triglycerides was 
the #-Bondapak-phenyl column (bonded phenyl group at 
16% by weight), but sufficient retention to elute trigly- 
cerides in a usable manner was not  achieved. 

Useful separations were achieved with g/-Bondapak C-18, 

0 5 10 15 20 25 30 
Time, min. 

FIG. 4. HPLC chromatogram of soybean oil from a 25 cm X 4 .6  
mm Zorbax C-8 column.  Eluting solvent: 1:1 acetone/acetonitri le;  
f low, 1 ml/min.  

Partisil ODS-2, Zorbax ODS and Zorbax C-8 columns. The 
selectivities and retentiveness of all four types of  columns 
were different; Zorbax ODS columns were the most  reten- 
tive. Separations were sufficient to do quantitative semi- 
preparative work when components  were collected and 
analyzed by GLC with an internal standard (1-3). The 
selectivity of  the separation could not  be significantly 
altered by using changes in eluting solvent. 

In RP chromatography, adding silver ion to the mobile 
phase has been shown to act in a similar manner as adding 
silver ion to the silica in conventional analysis (13). Silver 
ion is quite soluble in acetonitrile, a primary solvent for 

T 
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FIG. 5. Effect o f  added silver ion on triglyceride selectivity with 
/*-Bondapak C-18 columns.  Elutlng solvent was 2:1 acetonitri le/  
acetone  and $A was with 0 .2  N AgNO 3 whereas 5 b had no  AgNO s 
in the mobile  phase.  
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FIG. 6. Effect  o f  added  silver ion on triglyceride selectivity with Zorbax ODS c o l u m n s .  

Sample: Soybeie oil 
Column: Zorbax ODS 

As above with 

Time 

FIG. 7. Changes in selectivity of  c o l u m n  pack ing  for soybean oil 
uriglycerides with the  addi t ion  of  0.2 N silver ion to the  mobi l e  
phase. 

HPLC of triglycerides, so the effect of silver ion on trigly- 
ceride HPLC was easily studied. The difference in selec- 
tivity of one double bond vs two carbon atoms was con- 
siderably changed; the elution of the more unsaturated 
components  decreased relative to the saturated analogs. 
Silver ion concentrations studied were 0 to 0.2 N AgNO3. 
Vonach and Schomburg (13) have shown that the relation- 
ship of silver ion concentration and log K' is linear for a 
wide range of chain lengths of alkanes, alkenes, alkanols 
and alkyl benzenes. The best separation we obtained for 
triglycerides was at 0.15-0.2 N AgNO3 in the mobile phase. 
Figure 5 shows the separation of tripalmitin, triolein, 
palmitodiolein, and oleoyl dipalmitin on a p-Bondapak 
C-18 column, with no silver ion and 0.2 N silver ion in the 

mobile phase. Adding silver ion increases the retention of 
all components slightly, but the influence was less for 
unsaturated components. With the Zorbax ODS column, 
the separation of these four triglycerides is almost complete 
and no silver ion is present (Fig. 6). This resolution can be 
completed by the addition of 0.2 N AgNO3 to the solvent 
system. Figure 7, the HPLC chromatogram of soybean 
oil, was typical of the improved separations that were 
obtained for a natural triglyceride mixture by adding silver 
ion to the mobile phase. Vonach and Schomburg (13) show 
similar improvements in HPLC of olive oil with the addition 
of silver ion. This alteration did not appear to affect effi- 
ciency or life time. Because of the sensitivity of silver ion to 
light, the system was always thoroughly purged after use, 
and silver-containing solutions were not left in prolonged 
contact with the cells of the detector. 

Conceivably, the proper column and mobile phase (with 
silver ion added) will control the selectivity of reverse 
phase HPLC to the extent that useful separations can be 
made with nearly any triglyceride mixture. Identification of 
the components is still somewhat tenuous, and identifi- 
cation and quantitation must depend on a secondary 
analysis technique such as GLC. 
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