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ABSTRACT

Fatty acid methyl esters were separated by high resolution gas chromatography on

aDB WAX fused silica capillary column, coated with polyethylene glycol and analyzed

under conditions of linear temperature programming. Retention index values were
calculated by using fatty acid methyl esters as standards and tabulated. Excellent
reproducibility of the index values were obtained.

It was found that this method was very useful, convenient and not time consuming
in qualitative analysis of various kinds of fatty acid of fats and oils.

Introduction

As a part of the purpose on the analysis of fats and
oils, it was wanted to investigate the multivariate
optimization of various types of lipid analyses. Fats
and oils are tri ester of glycerol with many kinds
of fatty acids. In many cases, determination of
fatty acid components are necessary to classify in
the Customs Tariff Schedule.

Gas Chromatography has been an important
aid in the analysis of fatty acid in fats and oils and
other lipids, particularly analysis of fatty acid
methyl esters. ldentification using GC has been
limited to those compounds for which the analyst
has a reference compound to run for confirmation.
Thus, this will be useful when the necessary standards

are not available.

The objective of this particular study was to
use this method in the analysis of fatty acid methyl
esters from fats and oils by Gas Chromatography.

Gas Chromatography

The analysis of the fatty acid methyl esters
was on a Shimadzu Model GC 15A Gas Chromato
graphy, configured for capillary Chromatography
with a capillary injection port using split mode and
a flame ionization detector connected to a Chromatopac
C RA4Adata processor.

A DB WAX fused silica capillalry column (3m
x 0.25mml.D.) coated with polyethylene glycol
with film thickness 0.25y m. (J&W Scientific) was
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used. The carrier gas ( Helium ) flow rate is 0.5ml

min. Inject at 60 , raise the oven temperature to
220 at a rate of 2
this temperature for 60min. The temperature of the

min and keep the column at

detector and injection port were 250

Experimentation

All materials, obtained from the Wako Pure
Chemical Industries Ltd. and the Tokyo Kasei
Co., were used and some of fatty acid methyl
esters were prepared from fatty acids by using
sulfuric methanol method.

Conversion of fatty acids into fatty
acid methyl esters

Alg amount of fat sample is weighted into an
esterification flask and 60ml of sulfuric acid benze
ne methanol solution (add 2ml of concentrated
sulfuric acid to 230ml of 1.3 (v v) benzene
methanol mixture) are added to dissolved the
sample. Heat the mixture with a reflux condenser for
2.5hr. then, cool and tansfer it to a separatory funnel
and add 100ml of water. The mixture extracted twice
with 50ml of petroleum ether. The combined extract
is washed by extraction with water, by using 20ml of
water each time, until water does not show acidity as
detected by methyl orange. Dehydrate the petroleum
ether solution with anhydrous sodium sulfate, filter
and evaporate the solvent.

Results and discussion

The Kovats retention index system has generally
been accepted as the best way to characterize the
retention behavior of chromatographically separated
compounds. In order to facilitate the analytical
application of GC to the investigation of samples
with wide boiling point range, temperature progr
ammed GC is one of the most important techniques
and many GC analyses are carried out under this

conditions.

According to definition, Kovats indices are
determined at constant temperature. However, it is
impossible to determine the index values of all fatty
acid methyl esters in a single run at a certain
constant temperature, because of the large differences
in their retention times. Thus, index values were
determined by using linear temperature programme.

The effect of temperature on retention was
recognized in gas chromatography and increasing
the temperature during the elution sequence was
soon exploited in the examination of samples with
wide ranges of boiling points. With linearly
increasing column temperature, a nearly arithmetic
rather than a logarithmic relationship.

The compounds examined in this study and their
respective retention indices are presented in Tablel.
The chromatogram of standard fatty acid methyl
esters from CsHsCO2CH3 and C2sHs1CO2CHs , using
internal standard fatty acid methyl esters,
CsH13CO2CHs and C2H41CO2CHs, are showed in
Fig. 1. In Table 2 Table 3, the relative retention
time of fatty acid compositions of standard samples
are given and Fig. 2 Fig. 15 show the actual separation
of standard fat samples, run with the optimized
method.

Mean retention times index values and standard
deviations were calculated from five measurements.
From the chromatogram, good separation of fatty
acid methyl esters from methyl pentanoate to
methyl hexacosanoate were obtained. Calculation of
relative retention tiems from each retention time by

use of this simple linear index scheme.

T iampte=T
Relative retention time=(——=—°" ) x 100
TCQI_TC 7

Where Tsample IS the retention time of the substance
for which the retention index is to be determined,
Tezand Tez1are the retention times for the fatty acid
methyl ester standards which bracket the substances
of interest.

As the results show, the good characterization
were obtained with low percentage differ from



standards.

Reproducibility

Reproduced the retention indices by use of
Hewlett Packard 5890 Series and HP 3396 Series

Integrator. Column used was PEG (DB WAX) 15 m
x 053 mml.D. and analyzed under the same
conditions.

It was found that, retention time indices could be
reproduced from hexanoic acid methyl ester to
tetracosanoic acid methyl ester. As the chromatogram
and results showed. in Table

4 and Fig. 16.
In Table 5, the relatuie retention time of fatty acid
compositions of standard samples are given.

Conclusion

The use of Kovats retention indices has yielded
a great advantage over relative retention times,
that they are dependent of the film thickness,
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column dimensions and phase ratio. Owing to the
advantages in column technology, highly reproducible
column are available for some polar stationary
phase.

This retention index is considered to be convenient
and reliable to identify fatty acids contained in
complex mixtures and this procedure also can be
easily used for identification in linear temperature
programme capillary gas chromatography and
provide useful guides when necessary standards are
not available.
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Table 1 Retention Indices of fatty acid methyl esters ( Internal standards CsH13CO2CHsand C20H4CO2CHz)
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Table 2 Relative retention times of standard fat samples.( Internal standards CsH13CO2CHsand C20H41CO2CHa)
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Table 3 Relative retention times of standard fat samples.(Internal standards
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CsH13CO2CHzand CO20H1CO2CHa)
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Fig. 2 Chromatogram of standard sample of coconut oil ( Internal standards = CsH13CO2CHsand C20H41CO2CHa)
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Table 4 Retention Indices of fatty acid methyl esters. (Internal standards CsH13CO2CHzand C2H41CO2CHa)
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Table 5 Relative retention times of standard fat samples (Internal standards CsH13CO2CHsand C20H1:CO2CHy)
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Note Analysis of fatty acids in methyl ester form by using relative retention times obtained from Gas Chromatography techniques
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Fig. 16 The chromatogram of standard fatty acid methyl esters
(Internal standards CsH13COCHsand C20H41CO-CHs)
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Cs Pentanoic acid methyl ester

Cs Hexanoic acid methyl ester

Cz Heptanoic acid methyl ester

Cs Octanoic acid methyl ester Methyl caprylate

Co Nonanoic acid methyl ester Methyl pelargonate

Cwo Decanoic acid methyl ester Methyl caprate

Cn Hendecanoic acid methyl ester Methyl undecanoate
Cuop) 2 Decenoic acid methyl ester

C1100) 10 Undecenoic acid methyl ester

Cw2 Dodecanoic acid methyl ester Methyl laurate

Cuq 2 Undecenoic acid methyl ester

Cu3 Tridecanoic acid methyl ester

Ci2(9 2 Dodecenoic acid methyl ester

Cus Tetradecanoic acid methyl ester Methyl myristate
Cuz 2 Tridecenoic acid methyl ester

Cu) 9 Tetradecenoic acid methyl ester

Cis Pentadecanoic acid methyl ester

Cug) 2 Tetradecenoic acid methyl ester

Cus Hexadecanoic acid methyl ester Methyl palmitate

Cur Heptadecanoic acid methyl ester

Cis» 2 Hexadecenoic acid methyl ester

Cus Octadecanoic acid methyl ester Methyl stearate

Cis(9 9 Octadecenoic acid methyl ester Methyl oleate
Ci90012) 9,12 Octadecadienoic acid methyl ester Methyl linoleate
Cuo n Nonadecanoic acid methyl ester

Ci8(9.1215) 9,12,15 Octadecatrienoic acid methyl ester Methyl linolenate
C2o Eicosanoic acid methyl ester Methyl arachidate

Caow) 11 Eicosenoic acid methyl ester

Coo(11,14) 11 14 Eicosadienoic acid methyl ester

Ca Heneicosanoic acid methyl ester

C20(11,1417) 11 14 17 Eicosatrienoic acid methyl ester
Coo(5811,14) 5 8 11 14 Eicosatetraenoic acid methyl ester Methyl arachidonate
C20 (58111417 5 8 11 14 17 Eicosapentaenoic acid methyl ester
Cx Docosanoic acid methyl ester Methyl behenate

Cx Tricosanoic acid methyl ester

C22013 13 Docosenoic acid methyl ester Methyl erucidate
Ca Tetracosanoic acid methyl ester

Cos Hexacosanoic acid methyl ester



