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ABSTRACT 
Methyl linolenate has been thermally induced in glass anpoules at 275 oC to induce isomerization of linolenic acid into its isomers.  
The heat induced samples were taken at regular time intervals and the composition of the linolenic acid isomers were determined 
by gas chromatography after dissolution of the contents in 1ml heptane. The results of the analysis of the GC chromatograms show 
that the sample heated at 275 0C for 6-10 hours contain all the isomers of linoleic acid and can be used as a reference standard for 
detection and quantification of linolenic acid isomers in samples. 
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INTRODUCTION 

 

Edible oils contain saturated and unsaturated fatty acids in varying quantities in the form of tri-glycerides. 

Among unsaturated fatty acids, fatty acids containing 18 carbon atoms can reach up to 95% or more in certain 

edible oils. The unsaturated fatty acids include mono-unsaturated oleic acid, poly unsaturated linoleic and 

linolenic acids. All these unsaturated fatty acids are found in cis-configurations in nature. All these fatty acids 

undergo isomerization, oxidation, polymerization and decomposition during heating and the degree of 

transformation through these processes depend on the stability of the unsaturated fatty acids in the glyceride 

molecules [1-5]. 

The trans isomers produced during frying process are unhealthy and has been linked to the risk of coronary 

heart disease [6-11]. The double bonds in all the naturally occurring unsaturated fatty acids are in cis 

configurations.  During isomerization oleic acid with one double bond forms one trans isomer, linoleic acid with 

two double bonds forms three trans isomers and linolenic acid with three double bonds forms 7 trans isomers. 

Identifying and quantifying different isomers formed in research work involving fatty acids is not an easy task 

for an analytical chemist. Accurate identification and quantification of the isomers of fatty acids need reference 

standards containing all the different isomers of the unsaturated fatty acids to confirm or eliminate the presence 

or formation of one or more of the fatty acid isomers. 

My intention in this article is to study the cis-trans isomerization and isomers formed during the thermal 

induction of methyl linolenate at 275 oC. The study would give an idea the conditions needed to synthesize a 

mixture with all the linoleic acid isomers that can be used as a reference standard. 
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2. Experimental: 

Methyl linolenate (99% purity) was purchased from Sigma and used as received. A FAME (Fatty Acid 

Methyl Esters) reference standard of linolenic acid (100 mg) isomers inmethylated form was also bought from 

Sigma. The reference standard was dissolved in 1ml GC quality heptane.  

Laboratory made glass ampoules were used in thermally inducing methyl linolenate sample. Ampoules 

were of 4 cm long, 1.55 mm internal diameter and 1 mm wall thickness. The ampoules were sealed at one end 

using propane, oxygen and air flame. Small amounts of methyl linolenate (250 l) were injected in the ampoules 

using a plastic syringe with needle. The open ends of the ampoules were sealed. A total of fifteen ampoules 

were placed in a glass beaker and placed in a gas chromatographic oven set at 275 oC. The ampoules were then 

removed at regular time intervals until all the 15 were exhausted. The ampoules were then cut open and the 

contents were dissolved in 1.5 ml heptane in gas chromatographic vials. 

The GC analysis was carried out by using Perkin Elmer Auto system XL gas chromatograph. A 120 m 

capillary column with 0.25 mm internal diameter coated with 0.25 µm thick, 70% cyanopropyl(equiv) 

polysilphenylene-siloxane stationary phase was used. A temperature program with initial temperature of 150 0C 

with 2 minute equilibration time, a temperature gradient of 0.5 0C /min up to 170 0C with 50 minutes holding 

time, then a temperature gradient of 1 oC /min up to 190 0C with 10 minutes holding time was used for the GC 

analysis. The total running time was 122 minutes. The peak identification was carried out using the literature 

references [12] and the Sigma reference standard. 

 

RESULTS AND DISCUSSION 

 

A gas chromatogram of the isomers of methyl linolenate is shown in Fig. 1. The concentrations of the 

isomers in the standard mixture are shown in Table1.   

  
Table 1: Composition of the methyl linolenate isomers 

Compound Composition (%) 

9c12c15c 3 

9t12c15c 7 

9c12t15c 7 

9c12c15t 7 

9t12t15c 15 

9t12c15t 15 

9c12t15t 15 

9t12t15t 30 

      
Three chromatograms of the heat induced methyl linolenate sample are shown in Fig 2. The figure clearly 

shows the progress of the formation of different isomers.  

 
 

Fig. 1: GC chromatogram of linolenic acid isomers (in methylated form) 
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Fig. 2: Gas chromatograms of heat induced sample at 275 oC 

 

A plot of the concentrations of isomers in different samples is shown in Fig. 3. It is easy to identify the 

sample where all the isomers formed during the heating process.  The sample heated at 275oC for 6-10 hours 

contain all the isomers of linolenic acid in the mixture. The concentration of ttt isomer is very low compared to 

all the other isomers and not shown in the plot.  

 

 
 

Fig. 3: Concentrations of the methyl linolenate isomers with heat induction times 

 

The preparation of an analytical reference sample can be made by dissolving a heat treated sample 

containing all the isomers in a heptane solution containing methyl margarate as reference standard. It appears 

that that peak heights in the chromatograms of the reference standard in Fig. 1 correspond to the proportions of 
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the concentrations of the different isomers in the sample. Therefore quantification of a particular isomer in an 

unknown sample can be determined by peak heights comparison. 

 

Conclusion: 

I have shown in this paper an easy an inexpensive method to synthesize a mixture of linolenic acid isomers 

for the purpose of identifying different isomers in unknown samples. All one needs is a sample of methyl 

linolenate and glass ampoules for thermal induction. The newly formed mixture of isomers of linolenic acid can 

be used as a reference standard and eliminate the need of purchasing expensive reference standard from vendors. 
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