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Compositional analysis of free and bonded fatty acids in
Polysorbate 80 by online two-step THM-GC/MS
[Background] The relevant regulations in the European Pharmacopoeia (EP, 8th edition) and Chinese Pharmacopoeia
(ChP, 10th edition) regulate the content of fatty acids in Polysorbate 80, a nonionic surfactant. However, the methods
reported in the literature only address the total amount of free and bonded fatty acids in Polysorbate 80 and do not
distinguish between the compositions of free and bonded fatty acids in the sample. Free fatty acids are known to affect the
quality of Polysorbate 80 as a surfactant and, from a medical point of view, increase the risk of immune reactions. This note
reports the compositional analysis of free and bonded fatty acids in Polysorbate 80 by online two-step thermally assisted
hydrolysis and methylation-GC/MS (THM-GC/MS).
[Experimental] A GC/MS system with a Multi-functional pyrolyzer directly interfaced to the GC injector was used for
measurements (Fig. 1). The furnace temperature, GC injector temperature, and detector temperature were all set at 300 ºC.
A DB-5 (30 m x 0.25 mm i.d. x 0.25 μm) column was used as a GC separation column with a column flow rate of 1.0 mL/min.
The GC oven temperature was programmed from the initial temperature of 50 ºC to 160 ºC at 20 ºC/min (10 min hold), to
190 ºC at 10 ºC/min (10 min hold), to 220 ºC at 5 ºC/min, to 270 ºC at 20 ºC/min and finally held for 5 min. A schematic of
the online two-step THM-GC/MS is shown in Fig. 1. First, 3 μL of a mixture of Polysorbate 80 and tetramethyl-ammonium
acetate (TMAAc) was put in a sample cup for the derivatization of free fatty acids, and GC measurement was carried out.
Next, the sample cup was retrieved from the furnace and cooled. Then 4 μL of tetramethylammonium hydroxide (TMAH)
was added to the cup for the derivatization of bonded fatty acids, followed by GC measurement.
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[Results] Five Polysorbate 80 samples with different composition ratios of free and bonded fatty acids were measured by
online two-step THM-GC/MS. Chromatograms of free fatty acids in two typical samples (1) and (2) are shown in Fig. 2 (1f
and 2f), and those of bonded fatty acids are shown in Fig. 2 (1b and 2b). The results of this assay showed that the linear
calibration range of stearic acid (C18:0) was 2-200 mg/L, and that of oleic acid (C18:1) and linoleic acid (C18:2) was 5-500
mg/L. The correlation coefficients were all greater than 0.999. The RSDs (relative standard deviations) for intra-day and
inter-day precision ranged from 2.9-5.9 % (n=6) and 4.4-7.2 % (n=3), respectively. Recoveries ranged from 92.2-105.0 %.
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Fig. 1 Schematic of online two-step THM-GC/MS.
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Fig. 2 Chromatograms of fatty acid methyl esters in two
Polysorbate 80 samples obtained by online two-step
THM-GC/MS.
Free fatty acids: (1f), (2f); Bonded fatty acids: (1b), (2b).
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