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A wide variety of derivatization methods have

been developed to enable the GC analysis of non-

volatile oil components in cultural heritage

samples.

However, there has been no wide-scale and

systematic comparison of these derivatization

procedures in truly quantitative terms, i. e. with

absolute amounts of the fatty acids, not just ratios.

Introduction

Comparison of derivatization procedures

Sodium ethoxide + 

BSTFA

Acid-catalyzed 

methylation
KOH + BSTFA TMTFTH

✓ Operator time: 4h

✓ Differentiating 

between free and 

bound fatty acids

✓ Stable results

✓ One-step 

derivatization

✓ Determination of 

degradation 

products

✓ Stable results

✓ Operator time: 4h

✓ Quantitative 

analysis

✓ Determination of 

degradation 

products

✓ Operator time: 1h

✓ One-step 

derivatization

✓ No sample transfer

✓ Easy procedure

✓ Quantitative 

analysis

✓ Determination of 

degradation 

products

✓ Stable results

o Two-step            

derivatization

o Multiple derivates 

complicate the 

interpretation

o Operator time: 7h

o Labor-intensive

o Two-step 

derivatization

o Unstable results

o Labor-intesive

o No commercial 

standards 

o The most expensive 

chemicals

Efficiency: 

64 ± 2 %

Efficiency: 

83 ± 3 %

Efficiency: 

95 ± 7 %

Efficiency: 

96 ± 2 %

Experimental

Conclusions

• A comprehensive quantitative comparison of four derivatization methods: 1) TMTFTH,

2) acid-catalyzed methylation, 3) NaOEt with BSTFA ethylation and 4) KOH with BSTFA

trimethylsilylation.

• GC-MS/FID analysis combined with internal standard method for the determination of

absolute quantities of fatty acids.

• Synthesis of trimethylsilylester standards for KOH-BSTFA method.

• Study of derivatization efficiency and within-lab reproducibility of the procedures.

• TMTFTH derivatization exhibited

the highest reproducibility and

derivatization efficiency.

• KOH+BSTFA derivatization

exhibited also high derivatization

efficiency, however, with unstable

results.

• TMTFTH, KOH+BSTFA and acid-

catalyzed methylation enabled the

determination of degradation

products.

• GC-MS and GC-FID methods are

equivalent in the analysis of

absolute quantities of fatty acids.

• Overall, TMTFTH derivatization

is the preferred procedure.

Derivatization 

and GC 

analysis

Principle of analysis

Mass chromatogram of clarified linseed oil (Lefranc & Bourgeois) derivatized with TMTFTH. Peaks correspond to methylated fatty acids.
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Quantitative analysis

Absolute 

quantities of 

fatty acids

C18:2 – methylated linoleic acid, S – signal, C –

concentration, AD – derivatized analyte, IS – internal 

standard
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