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CHROMATOGRAPHIC DETERMINATION OF 
FATTY ACID COMPOSITION AND VOLATILE 

FATTY ACID CONTENT OF BIOLOGICAL 
SAMPLES
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CHROMATOGRAPHY

A physical method for the separation of the components of a 
mixture.

The principle of the separation

The mixture (sample) is introduced into a system consisting of 
two contacting phases:

1. Stationary phase that is stationary (immobilized)

2. Mobile phase that is moving in a definite direction.
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The sample components are distributed between the stationary 
phase and the mobile phase.
The components delivered in the mobile phase are temporarily 
bound on the stationary phase (retention) due to certain physical 
interactions between them and the molecules of the stationary 
phase.
The strength of the interaction is different for the individual sample 
components. 
By choosing appropriate conditions (e. g. stationary phase, mobile 
phase, temperature) it can be achieved that the components are 
released from the stationary phase separately in time, and by this, 
they are finally separated from each other.
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Retention: The phenomenon that a component is retarded by the 
stationary phase.

Retention time (of a component): The time elapsed between the 
injection of the sample and the appearance of the peak apex of the 
component of interest.

Retention factor (k): also called capacity factor, the ratio of the 
residence time of a component in the stationary phase and in the 
mobile phase.

k = (tR–t0)/t0, where tR is the retention time of a retained 
component, t0 is the retention time of an unretained component.
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Classification of the chromatographic methods

Based on the physical state of the mobile phase:
- Gas chromatography (GC)
- Liquid chromatography (LC)

Based on the physical state of both the mobile and the stationary 
phase:
- Gas-liquid chromatography 
- Gas-solid chromatography 
- Liquid-liquid chromatography 
- Liquid-solid chromatography
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GAS CHROMATOGRAPHY
- the mobile phase is a gas called the carrier gas.
- Gas chromatography is always carried out in a column.
- The carrier gas is an inert gas (He, H2, N2), that is, it does not 
interact with the sample components.
- The stationary phase can be a liquid or a solid.
- Gas chromatography is used for the separation of sample 
components that are 

- volatile
- can be vaporised (up to 400 °C) without thermal 

decomposition.
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Chromatographic columns

Columns can be either

Packed columns

The whole inside volume of the tube is filled with the stationary 
phase.

Open-tubular columns

The stationary phase is concentrated only on the inside tube wall.
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Open-tubular columns can be:

WCOT (Wall Coated Open Tubular) columns:

The inner wall surface is coated with a thin film of a liquid
stationary phase that is chemically bonded to the wall. Film 
thickness usually below 1 µm (depending on ID of the column).

PLOT (Porous Layer Open Tubular) columns:

The wall is coated with a thin layer of a solid support (adsorbent). 
Used in analysis of gases or volatile compounds.
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Columns in GC

Open-tubular capillary columns
- Both WCOT and PLOT columns
- Internal diameter: < 1 mm (0.15–53 mm)
- Length: ~10–100 m
- Silica capillary columns

Packed columns
- Internal diameter: ~ 1–4 mm
- Length: 0.5–3 m
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Components of the gas chromatograph

- Gas supply system 

- Sample injection port

- The column oven containing the column

- Detector

- Registration unit
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Oven of a gas chromatograph and a capillary column
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The gas supply system
Gases used:
- The carrier gas
- Auxiliary gas (make up gas): inert gas that helps in maintaining 

an even carrier gas flow
- Detector gases: air and H2 for FID
Usually the gases are supplied from gas cylinders.
Oxygen and moisture gas filters are used in the gas line to 

eliminate the traces of this substances, that destroy the stationary 
phase.
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Sample injection port

- Both liquid or gaseous samples can be introduced.

- Manual micro syringes are used or automatic devices (µl).

- The injector is heated to vaporize the liquid sample. 

- For capillary columns, usually only a small portion of the 
injected sample amount enters the column to prevent overloading. 
This is called split injection.  
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The column oven

The oven is a thermostat containing the column
- Thermally insulated 
- Can be heated programmed up to 400 °C. 
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The detector

- The detector responds to the components of the sample, 
producing an electrical signal which can be displayed.

- Dynamic range of the detector: The concentration range in 
which the intensity of the detector’s signal depends on the 
concentration.

- Linear response range: The concentration range in which the 
signal of the detector is linearly proportional to the concentration 
(or to the mass).
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- Sensitivity: in the practice the minimum detectable amount of 
the analyte (3 x noise of the detector) 

- Selectivity:

Selective detectors: respond only to certain compounds 
(through specific features) 

Non-selective detectors: respond to all compounds
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Flame Ionization Detector (FID)

- One of the most widely used detectors in GC

- Specific for organic compounds

- The sample components enter a hydrogen-air flame of 2000–2500 
K. Organic compounds (C–H bonds) fragment and get ionized. The 
charged fragments produce an ionic current between two electrodes, 
which current is proportional to the amount of the components. 

- FID exhibits a very wide linear range (107).
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Electron Capture Detector (ECD)

- Specific for halogen-containing, or other electrophil group 
containing compounds (e. g. –NO2) 

- The detector’s cathode is made of 63Ni that emits -radiation 
(electrons).

- Emitted electrons collide with the atoms of the carrier gas and 
ionize them, resulting in more electrons which produce a current.
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- Sample molecules having highly electronegative atoms or 
groups absorb the electrons and by this the current is reduced 
and this reduction is measured.

- Nitrogen or hydrogen should be used as carrier gas, and 
halogen-free solvents.



21

Mass Spectrometer (MS) Detector

A non-selectiv detector

In the high-vacuum (10–6–10–8 kPa) ionization source the sample 
compounds get fragmented and ionized either by electron impact 
(EI) or by molecules or other ions (CI: Chemical Ionisation).

The produced charged fragments are accelerated and focused in the 
ion optical unit and introduced into the analyzer where they are 
separated based on their mass/charge ratio.

In the detector the intensity of the separated species is measured.
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DETERMINATION OF VOLATILE FATTY ACID 
CONTENT OF FOOD

Sample preparation
- Short chain fatty acids are dissolved from samples with water.
- The extract is cleaned

- Filtration
- Centrifugation

- Deliberation of fatty acids from their salts with phosphoric acid.
- Extraction with an organic solvent (diethylether or
dichloromethane).
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Gas chromatographic measurement

- Injection from the organic phase (1–3 μl).
- Separation of free fatty acids on a column with polyethylene-
glicol based stationary phase.
- Detection with FID.
- External standard calibration with volatile fatty acid solutions.
- Determination of the amount of volatile fatty acids in samples.
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Chromatogram of free fatty acids
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1 - acetic acid
2 - propionic acid
3 - i-butyric acid
4 - butyric acid
5 - i-valeric acid
6 - valeric acid
7 - i-caproic acid
8 - caproic acid
9 – heptanoic acid

Chromatogram of free fatty acids

standard sample
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DETERMINATION OF FATTY ACID 
COMPOSITION OF ACYL LIPIDS

Sample preparation

- Lipid extraction.
- Elimination of traces of water (Na2SO4).
- Transesterification with sodium-methylate reagent.
- Decomposition of the excess of the reagent with water.
- Determination of fatty acid composition with GC from the organic 
phase.
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Gas chromatographic measurement

- Injection from the organic phase (1–3 μl).
- Separation of fatty acid methyl esters on a column with 
cianopropyl-silicone or polyethylene glycol based stationary 
phase.
- Detection with FID.
- Quantification: area normalization

Rel% = (Afatty acid / Afatty acid) · 100

Rel% = the relative amount the fatty acid methyl ester  
Afatty acid = the peak area of fatty acid methyl ester 
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Chromatogram of fatty acid methyl esters
Standard 
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Chromatogram of fatty acid methyl esters
Sample: beef


