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Planar Chromatography in Practice

Determination of monoacylglycerides in biodiesel

From left: Dr. Luis Membrado, Dr. Vicente L. Cebolla,  
Dr. Carmen Jarne, María P. Lapieza

The activity of the Separation and Detection Techno-
logy group of the Instituto de Carboquímica (CSIC) 
in Zaragoza, Spain, has been focused on the deve-
lopment of original analytical techniques for charac-
terizing lipid and/or hydrocarbon-related complex 
mixtures. HPTLC has rarely been used for petroche-
mical and bio-fuel analysis. However, it is a suitable 
technique for these types of samples, especially 
when compound classes rather than individual spe-
cies are to be determined. As all compounds in a 
sample are stored on the plate after development, a 
quantitative analysis is possible. This is an advantage 
over column chromatography, in which polar and/or 
high molecular weight compounds in fuels may be 
irreversibly adsorbed on the stationary phase.

Introduction
Biodiesel is a lipid-based alternative fuel mostly 
composed of methyl esters of fatty acids. It is used 
as a total or partial substitute for petroleum-derived 
diesel fuel, either in its pure form (B100), or blended 
with diesel fuel in different proportions (BX, with X 
being the volume percent of B100 in the mixture) 
without requiring any essential modification in the 
ignition engines. A fatty-acid methyl ester content 
lower than 98 wt% indicates inappropriate reaction 
conditions for biodiesel production, and therefore, 
the presence of impurities in the final product. One 
impurity class in biodiesel are monoacylglycerides 
which can produce obstruction in fuel filters. The 
European standard UNE EN 14214:2013 establishes 

that their maximum concentration in BX has to be 
0.8 wt% [1]. 

As a modular and flexible technique, HPTLC-
based hyphenated systems can be designed by 
combining different approaches concerning 
chromatographic development systems and 
detectors in a sequential mode. A hyphenated 
procedure is reported that provides quantitati-
ve determination of the monoacylglycerides as 
a compound class in the BX sample as well as 
the BX composition profile, all obtained from  
a single plate.

Layer
HPTLC plate silica gel 60, 20 x 10 cm (Merck) pre-
washed by development with tetrahydrofuran up 
to 90 mm

Standard and sample application
Bandwise application of the 1 mg/mL monoacylglycer-
ide standard (0.1–2.5 μL) and 100 mg/mL BX sample 
(25 μL) using the Automatic TLC Sampler 4 (ATS 4). 

Chromatography
3-Step development with an AMD 2 system, start-
ing with 100 % t-butyl methyl ether (up to 40 mm), 
followed by dichloromethane – n-heptane 4:1 up to 
60 mm and then 3:2 up to 90 mm as final migration 
distance.

Post-chromatographic derivatization
The plate was immersed into a 0.02 % methanolic 
solution of primuline using the Chromatogram Im-
mersion Device, immersion time 2 s and immersion 
speed 5 cm/s.

Densitometry
Fluorescence measurement at 366/>400 nm using 
the TLC Scanner 3.

Mass spectrometry
Zones were eluted with methanol at a flow of 0.2 mL/
min via the TLC-MS Interface (oval elution head 4 x 2 
mm) into an ion-trap MS (Bruker Esquire 3000 Plus) 
operating in positive ESI mode (ESI+). Blanks of the 
plate background were recorded as well.
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Results and discussion
The AMD 2 densitogram showed the monoacylgly-
ceride peak of BX at the migration distance of  
15–20 mm. Other lipids detected were diacylglyce-
rides, triacylglycerides, fatty acids (20–60 mm) and 
fatty acid methyl esters (60–83 mm), the preponde-
rant chemical class. The sample peak at 86 mm 
migrated in the same way as pure diesel, correspon-
ding to the diesel component in the blend.

Densitogram comparison of B50 (5000 μg/band, blue) and pure 
diesel (2500 μg/band, red)

FD
IC

 r
es

po
ns

e 
(a

.u
.)

Distance of migration (mm) 1

The sum peak area of the monoacylglycerides in-
creased with the proportion of B100 in BX, as visible  
in the densitogram of B5 and B20.

The post-chromatographic derivatization with the 
primuline reagent (termed fluorescence detection by 
intensity changes, FDIC [2]) is a non-covalent inter-
action, generating an increased fluorescence of 
molecules with long hydrocarbon chains (e.g., lipids 
and saturated hydrocarbons). This adsorption did not 
impair subsequent MS recordings. After derivatizati-
on, the monoacylglyceride band (16–20 mm) of the 
B100 sample was transferred to ESI-MS using the 
TLC-MS Interface and compared with the correspon-
ding monoacylglyceride standard. The mass signal at 
m/z 379.3, which corresponded to 1-oleoyl glycerol, 
was the most abundant signal in the analyzed samp-
le. The HPTLC-ESI spectrum displayed also other ions 
corresponding to further monoacylglycerides in the 
sample. Thus, the fatty acid profiles of the correspon-
ding monoacylglycerides in BX can be obtained, 
helpful for identifying the origin of the lipids in the 
biodiesel (i.e. vegetal, animal, waste cooking oil).

Densitogram comparison of B5 (red) and B20 (blue), both 5000 
μg/band: monoacylglyceride bands at 16 mm were eluted via 
the TLC-MS Interface into the ESI-MS
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Quantitation of monoacylglycerides was performed 
via the 1-oleoyl glycerol standard. The proposed 
method was suited for determination of monoacyl-
glycerides in BX (X≥5) at low concentrations accor-
ding to current standards.
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HPTLC-ESI-MS spectra of the monoacylglyceride band in the 
B100 (16 mm) sample and of the oleoyl glycerol standard
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Polynomial calibration curve of the oleoyl glycerol standard  
(y = -0.070 x2 + 1.077 x + 0.006; r2= 0.999)
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CAMAG Linomat 5

Precision of the applied volume, exact positio-
ning and compactness of the application zo-
nes are decisive for the quality of the analysis.

With the Linomat samples are sprayed onto 
TLC/HPTLC plates in the form of bands with 
nitrogen or compressed air. This permits the 
application of larger sample volumes than is 
possible with contact sample transfer, since 
the solvent almost completely evaporates du-
ring the process. Even when strongly polar 
solvents are used, the application zones remain 
compact and narrow, ensuring the highest  
resolution attainable. 

Sample application is automatic, only chang-
ing the sample (filling, inserting and rinsing the 
syringe) is manual. The self-adjusting plate 
support allows the use of layers differing in 
thickness without re-adjusting the spray nozzle. 
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