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Definition:

• "Fatty acids with greater than 22 carbon atoms (very 
long chain fatty acids, VLCFA)..." - Dr. Alf Poulos, in  
Very long chain fatty acids in higher animals - a 
review. Lipids, vol. 30, pp. 1-14, 1995

• “Having analyzed very long-chain fatty acids (VLCFAs) 
we get into problems, when the chain of FA is longer 
than 22 carbon atoms. There are only a few papers 
dealing with their existence in microbes, plants and 
animals…” – Drs Tomáš Rezanka & Jaroslav Votruba, 
in Chromatography of very long-chain fatty acids from 
animal and plant kingdoms. Analytica Chimica Acta,  
vol.465, pp. 273–297,  2002 



Poorly researched area

• In 2002 Rezanka & Votruba managed to select just 
over 270 references for their VLCFA review – from 
overall ~143,300 papers on fatty acids from Chemical 
Abstract database available at that time.

• Even less information is available on methylene-
interrupted very long chain polyunsaturated fatty acids, 
VLCPUFA. 

• VLCPUFA were found in minute quantities in terrestrial 
organisms, and up to 25% of total fatty acids - in a 
number of marine organisms, such as mammals, 
fishes, invertebrates, diatoms, etc. 



Why bother?

• While the presence of VLCPUFA in marine lipids is of 
interest due to their potential role in normal functioning 
of organisms, there is a more pragmatic issue to 
address: VLCPUFA in the human diet.

• Considering that the level of VLCPUFA in edible fish 
products  was reported to reach up to 15% of total fatty 
acids (up to 9% in more recent publications), and that 
some of these acids are immediate precursors of 
important PUFA (e.g. 24:6n-3 is a precursor of 22:6n-
3, DHA), the analysis of VLCPUFA in seafood is likely 
to become a necessity in the near future.



Analysis – how?
• Research papers – numerous approaches: GC, HPLC, 

Ag chromatographic fractionation…
• Industrial QC laboratory – likely to use GC with a 

medium polarity phase
• The problem is that under routinely used GC 

conditions VLCPUFA have rather long retention times 
and are generally missed out.

• In a batch analysis the sample with elevated level of 
VLCPUFA is likely to spoil analysis  of the next 
sample.



Better derivatives for GC of VLCFA

• In our search for fatty acid derivatives with 
chromatographic mobility better than that of methyl 
esters, we found the paper “Determination of fatty 
acids in the form of hexafluoroisopropyl esters by gas-
liquid chromatographic method” by Linberg and 
Popov, Zhurnal Analiticheskoi Khimii, vol.42, pp.139-
144 (1987, in Russian).

• Original article dealt with C14-C22 
• Original article dealt with free fatty acids only
• Linberg & Popov used modified GC, both FID and 

ECD, equipped with 50m Silar-10 column



Method

• We developed a rapid technique of GC analysis of 
VLCPUFA in the form of hexafluoroisopropyl esters. 

• TL were hydrolyzed by 1M HCl in CH3CN at 100°C for 
45 min. FFA were extracted after acidification and 
converted into HFiPE by reaction with TFAA and 
hexafluoroisopropyl alcohol in benzene at 45°C for 30 
min. HFiPE were purified by TLC in hexane-benzene 
(1:1, by v/v), detection by primulin spray/UV254nm.

• The GC setup was essentially the one used in a 
routine analysis of “ordinary” FAME: 30m medium 
polarity column or 60 m non-polar column, carrier gas 
– helium, split 1:60, FID



Hexafluoroisopropyl esters (HFiPE)
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GC of HFiPE - medium polarity phase

• With a medium polarity phases retention time of HFiPE 
was about 1/5 to 1/3 of that of a corresponding FAME. 

• The other fluorinated esters tested, trifluoroethyl, had 
retention time only about 30% lower than that of 
FAME. 

• The retention time of tetracosahexaenoic acid (24:6n-
3) HFiPE on 30 m SolGel Wax column at 195°C was 
15.86 min instead of 80.06 min for FAME under the 
same conditions (carrier gas - He). 

• A separation of the same quality as that of FAME was 
obtained with the use of temperature program and 
required 30 min. 



MEFA

HFiPE

Cod liver oil fatty acids, BP20, 195°°°°C
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… and temperature program



HFiPE – non-polar column

• Retention time ~50-70% of that of corresponding 
FAME at the same temperature

• The same quality of separation if the column 
temperature is kept 5°C below (205°C) than that of 
used in FAME analysis (210°C).

• At this temperature retention times of HFiPE is about 
80% of that of FAME at 210°C.



Separation quality (C16, MEFA vs HFiPE, BP1)
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Some final remarks:

• HFiPE derivatives of VLCFA is a good alternative to 
FAME.

• The best combination of the peak resolution and 
analysis time of VLCFA is achieved via the use of 
temperature program.

• In quantitative analysis FID response factors are yet to 
be determined.

• PI GCMS – not very informative, an intensity of 
molecular ion diminishes with an increase in a number 
of double bonds. NI MS – strong FA ions. 

• To get the same retention time as that of FAME on a 
medium polarity phase HFiPE require about 40°C 
lower column temperature.
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Thank you!


