
High-Resolution Analysis of Intact
Triglycerides by Reversed Phase HPLC
Using the Agilent 1290 Infinity LC
UHPLC System

Abstract

The Agilent 1290 Infinity LC System with ultraviolet/visible (UV/VIS) Diode Array

detection (DAD) is used to analyze triglycerides in soybean oil under non-aqueous

reversed phase gradient conditions. The Agilent 1290 Infinity LC System was used for

the chromatographic separation of the sample on 3.0 and 2.1 mm id C18 columns, of

various lengths, with 1.8-µm packing materials prepared in 600 bar (9000 psi) or spe-

cial 1200 bar (18,000 psi) configurations. The ability of the Agilent 1290 Infinity LC

System to operate with long, high resolution columns is demonstrated with iso-

propanol (IPA) or methyl tert butyl ether (MTBE) as the strong solvent and acetonitrile

as the weak component of the mobile phase mixture.
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Introduction

The analysis of intact triglycerides from animal or vegetable
sources has many practical uses including understanding the
chemical composition of the triglyceride, assessing fuel
potential, and understanding lipid metabolism and behavior in
living systems. The general conditions for successful analysis
of these components by high-performance liquid chromato-
graph (HPLC) include gradient elution and low-wavelength
monitoring of the overall separation. Because triglycerides
have relatively few chromophores it is also beneficial to use
evaporative light scattering detectors (ELSD) or mass spec-
trometers to facilitate other views of the separation.

During the development of this application, we analyzed a
number of vegetable oils from various sources including soy,
corn, rice bran, safflower, grape seed, olive, and palm oil.
Because of the wide abundance of soybean oil in the United
States and its growing significance in the production of bio-
fuels, most of this work was standardized on maximizing the
resolution of soybean oil triglycerides. These general condi-
tions, however, are also suitable for a wide variety of samples
including samples from animal lipid sources.

Intact triglycerides generally have very low water solubility
and as such are commonly separated by normal phase chro-
matography, which separates species largely based on differ-
ences in polar functional groups, or by reversed phase chro-
matography operating in a non-aqueous mode of separation,
which has more selectivity for small differences on carbon
character such as chain length or unsaturation.

According to information published by Perkins [1] the pre-
dominant fatty acids, which are the building blocks of triglyc-
erides on a glycerol backbone, found in soybean oil are myris-
tic (14:0), palmitic (16:0), oleic (18:1), linoleic (18:2) and
linolenic (18:3). Many other minor fatty acids are also present
and because all of the fatty acids are randomly constructed
into triglycerides, an extensive permutation of fatty acid sub-
structure is obviously possible. Because the predominant dif-
ference between fatty acids consists of carbon chain length
and number of double bonds, most of the diversity in triglyc-
erides is found in the rather non-polar organic structural fea-
tures. As a result, reversed phase chromatography is most
useful for this application. Triglycerides have extremely poor
solubility in water so one normally chooses either a high
organic starting position, with respect to the aqueous content
or, as in this work, a completely non-aqueous separation 
environment.

The typical structure of a triglyceride is shown in Figure 1. [2] 

In this example, from top to bottom, palmitic acid (C16:0),
oleic acid (C18:1), alpha-linolenic acid (C18:3) are shown with
respect to chain length and degree of unsaturation. The
chemical formula is C55H98O6.
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Figure 1. Typical triglyceride structure.

Experimental

Sample Preparation
The primary solution was prepared at a concentration of 
10 mg/mL, in 2-propanol or 2:1 volume to volume
MeOH/MTBE, and subsequently diluted to lower concentra-
tions as needed. Injection volumes of 0.2-2 µL were made into
the LC/DAD system.

LC Method Details
LC Conditions

Agilent 1290 Infinity LC System binary pump G4220A, 
Agilent 1290 Infinity LC System autosampler G4226A
Agilent Thermostatted Column Compartment G1316C with switching valve
Agilent 1290 Infinity LC System diode array UV/VIS detector G4212A with 
10 mm path fiber optic flow cell

Columns: (See individual figures for specific usage)
Agilent ZORBAX SB-C18, 3 mm × 150 mm, 1.8 µm 600 bar, 
p/n 829975-302
Agilent ZORBAX SB-C18, 2.1 mm × 100 mm, 1.8 µm 
1200 bar, p/n 858700-902
Agilent ZORBAX SB-C18, 2.1 mm × 150 mm, 1.8 µm 
1200 bar, p/n 859700-902
In some cases, columns were coupled to extend the
length and resolution.

Column temp: 20 °C or 30 °C

Mobile phase: A = acetonitrile
B = isopropanol (IPA) or tert butyl methyl ether
(MTBE) (See individual figures)

Flow rate: See individual figures

Gradient: The gradient conditions were either 20% to 60% IPA or 10%
to 40% MTBE, based on the strong eluting strength of
MTBE when compared to IPA. The gradient slope was
maintained at 2.6% organic phase increase per column 
volume for IPA gradients and 2.0% with MTBE, altering 
gradient time and flow rate accordingly. This was deter-
mined by calculations using a modification of the Agilent 
Method Translator. [3]

UV Conditions

Monitoring 210, 220 and 230 nm, bandwidth 4 nm, reference wavelength off
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Results and Discussion

A typical gradient separation of triglycerides using acetonitrile
IPA gradient is shown in Figure 2.

Some general comments are appropriate about the conditions
and chromatographic profile shown in Figure 2. While it
would be ideal to consider less expensive methanol as the
weak eluent, introduction of methanol or denatured ethanol

containing methanol has consistently shown a dramatic
reduction in the overall resolution of the triglycerides. The
significant increase in operating pressure, when running the
gradient from acetonitrile to IPA, is clearly limiting and unde-
sirable. Increasing the operating temperature of the column
as a means of reducing solvent viscosity has proven to be
undesirable because the chromatographic resolution tends to
collapse as temperature increases. 

Soybean Oil, 10 ug, 0.6 mL/min, 20% to 60% IPA/ACN over 24 minutes.
Up to 370 bar on ZORBAX StableBond C18, 3 mm × 150 mm 1.8 µm, 30 °C

Figure 2. A 210-nm UV chromatogram of soybean oil sample on a 3 mm × 150 mm ZORBAX Rapid Resolution High Throughput, 1.8 µm column, upper panel.
System pressure trace showing the general progress of the gradient elution, lower panel. Flow rate 0.6 mL/min, gradient time 24 min. Strong solvent,
isopropanol. The chromatogram demonstrates the typical difficulty encountered with this type of separation, which is small clusters of chromato-
graphically similar triglycerides. These clusters are not positional isomers of the same carbon number and degree of unsaturation, rather a mixture of
various chain lengths and number of double bonds as shown by mass spectrometric evaluation.
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Figure 3. An expanded presentation of the chromatogram shown in Figure 2 at 30 °C, upper panel, compared with the same conditions in Figure 2 operating
the column at 20 °C.

Soybean Oil, 10 µg, 0.6 mL/min, 20% to 60% IPA/ACN over 24 minutes.
Up to 370 bar on ZORBAX StableBond C18, 3 mm × 150 mm 1.8 µm, 30 °C

Soybean Oil, 10 µg, 0.6 mL/min, 20% to 60% IPA/ACN over 24 minutes.
Up to 400 bar on ZORBAX StableBond C18, 3 mm × 150 mm 1.8 µm, 20 °C

In Figure 3 we see the improvement achieved by operating
the separation at 20 °C rather than 30 °C. The operating pres-
sure increase is approximately 10% at the lower temperature.
While many of our separations have been performed at 30 °C

as a compromise between separation and operating pressure,
the availability of the Agilent 1290 Infinity LC System with
increased operating pressure capability has allowed us to
reduce the temperature to 20 °C and demonstrate a usable
improvement in separation.
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Figure 4. Analysis of the soybean oil sample on an Agilent ZORBAX StableBond C-18 column, 2.1 mm × 250 mm, 1.8 µm, (150 mm in series with 100 mm) pre-
pared for operation at 1200 bar pressure limit. Flow rate 0.29 mL/min, gradient time 27 min. Maximum observed pressure 760 bar.

Soybean Oil, 10 µg, 0.29 mL/min, 20% to 60% IPA/ACN over 27 minutes.
Up to 760 bar on ZORBAX StableBond C18, 2.1 mm × 250 mm 1.8 µm, 20 °C

In Figure 4, we see that increasing the length of the column
has resulted in a significant increase in the resolution of some
of the observed components. To further increase resolution, it
would be practical to explore longer columns or explore alter-
native mobile phase or column chemistries. As with most very
high performance separations, rate-limiting features tend to
include operating pressure, operating temperature, and maxi-
mum flow rate. The triglyceride separations evaluated thus far
have not been receptive to operation at higher column tem-
peratures or higher flow rates, presumably because of their

relatively high molecular weight and flexible organic struc-
ture. Even when gradient slope translations are carefully
made to ensure organic strength consistency from method to
method, operating at higher flow rates has consistently
shown degradation of the overall separation. Because the iso-
propanol has significantly high viscosity and high pressure, it
seemed appropriate to consider other non-polar solvents that
are miscible with acetonitrile and friendly to low UV detec-
tion, as a substitute for isopropanol.
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In Figure 5, the change to MTBE and subsequent readjust-
ment of the gradient resulted in a separation that was very
comparable to the original isopropanol separation, however at
a much lower maximum operating pressure. In view of the
prior evidence and comments regarding increased tempera-
ture or flow rate resulting in degraded separation, it seemed
that the most appropriate way to take advantage of the new 
operating pressure capability of the Agilent 1290 Infinity LC

System was to continue to increase the column length. The
Agilent 1290 Infinity LC System and associated ZORBAX
chemistries are capable of operating pressures up to 1200
bar, or approximately 18,000 psi. To ensure robust and rugged
system operation many users typically specify the upper pres-
sure limit for a method at a value less than 80% of the rated
operating pressure.

Figure 5. By substituting MTBE for isopropanol with otherwise the same conditions as Figure 4, and then re-optimizing the gradient for the significant increase
in eluting strength of MTBE, we arrive at a new set of operating conditions where there is only a small difference in operating pressure over the 
gradient run. Flow rate 0.29 mL/min, gradient 27 min for 10% to 40% MTBE, maximum observed pressure 440 bar. 

Soybean Oil, 10 µg, 0.29 mL/min, 10% to 40% IPA/ACN over 27 minutes.
Up to 440 bar on ZORBAX StableBond C18, 2.1 mm × 250 mm 1.8 µm, 20 °C
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As shown in Figure 6, having previously optimized the column
temperature, operating flow rate and gradient slope for the
best possible balance between resolution and analysis time,
and after investigating a variety of solvents as candidates for
both the weak solvent and strong solvent choice, we are left
with an ultimate opportunity to operate on a very long column
set of 1.8 µm particle size columns under conditions ideal for
the separation of this group of triglycerides. With an operat-
ing pressure of only 730 bar, which is about 60% of the rated
capability of the Agilent 1290 Infinity LC System, it is clearly
possible to consider even longer column lengths or a further
reduction in the operating temperature as both of these seem
promising in terms of delivering even higher resolution out of
the mixture.

The separation with MTBE or isopropanol can be adapted for
use with a mass spectrometer as one of the detectors. In pre-
vious studies (see www.Agilent.com/chem ASMS 2009 for a
poster on this subject) we have been able to demonstrate the
capability of quickly and confidently identifying the composi-
tion of many of the triglycerides found in this and other sam-
ples. For optimum electrospray performance in the non-aque-
ous, non-buffered environment it was useful to do post UV
detector addition of a mixture of methanol and water with
ammonium formate buffer to enhance ionization and to
ensure a consistent ability to preserve the molecular ion into
the mass spectrometer. It has been shown by McIntyre [4]
that the presence of ammonium formate in the mobile phase
significantly improves the probability that a molecular ion will
be formed and preserved in the mass analyzer portion of a
mass spectrometer.

Figure 6. Separation of the soybean oil sample on a 2.1 mm × 400 mm ZORBAX stable bond C-18, 1.8 µm 1200 bar columns (150 mm + 150 mm + 100 mm in
series). Flow rate 0.29 mL/min gradient time 43 min, for a gradient of 10% to 40% MTBE. Maximum operating pressure 730 bar at 20 °C.

Soybean Oil, 30 µg, 0.29 mL/min, 10% to 40% MTBE/ACN over 43 minutes.
Up to 730 bar on ZORBAX StableBond C18, 2.1 mm × 400 mm, 1.8 µm, 20 °C
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Conclusions 

Using the Agilent 1290 Infinity LC System, we were able to
easily demonstrate UHPLC capabilities well within the operat-
ing range of the instrument. The significantly enhanced reso-
lution afforded by long sub-2 micron particle size columns in
the sub-ambient column compartment environment will con-
tribute significantly to our understanding of the major and
minor composition of this sample and other similar materials.
This should significantly enhance the contribution of liquid
chromatography to the understanding of seed oil composition,
the role of triglycerides in metabolism, and the area of
lipidomics where great interest has been directed on the LC
separation coupled to time-of-flight high-resolution mass
spectrometry (LC/TOF).
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For More Information

For more information on our products and services, visit our
Web site at www.agilent.com/chem.


