
Citation: Kalinichenko, A.; Junker, B.;

Weimar, U.; Bârsan, N. Rapid

Determination of Hexane Residues in

Refined Vegetable Oils Using

Semiconducting Metal Oxide-Based

Sensors. Proceedings 2024, 97, 122.

https://doi.org/10.3390/

proceedings2024097122

Academic Editors: Pietro Siciliano

and Luca Francioso

Published: 29 March 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract

Rapid Determination of Hexane Residues in Refined Vegetable
Oils Using Semiconducting Metal Oxide-Based Sensors †

Asia Kalinichenko * , Benjamin Junker , Udo Weimar and Nicolae Bârsan

Institute of Physical and Theoretical Chemistry, Eberhard Karls University of Tuebingen,
72076 Tuebingen, Germany; benjamin.junker@ipc.uni-tuebingen.de (B.J.); upw@ipc.uni-tuebingen.de (U.W.);
nb@ipc.uni-tuebingen.de (N.B.)
* Correspondence: asya.kalinichenko@ipc.uni-tuebingen.de
† Presented at the XXXV EUROSENSORS Conference, Lecce, Italy, 10–13 September 2023.

Abstract: A simple, direct method for the determination residual hexane content in refined oils was
developed, which makes use of commercial Semiconducting Metal Oxides (SMOX) sensors and is
proposed as an alternative to the currently used standards (ISO 9832:2002, ISO 2719:2016). The main
advantages are related to the direct measurement of the headspace of oil samples. The measurements
are performed at an oil sample temperature of 30 ◦C and by spiking the samples with hexane in the
8–132 mg·kg−1 range, which is in line with the requirements of current standard for the maximum
residue limit set by European Union regulation. Using separate measurements performed with the
help of a computer-controlled gas mixing system it is possible to determine the relationship between
the concentration of hexane in oil and in the headspace.
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1. Introduction

The most efficient process of oil extraction and, therefore, the most widely used in the
edible oil industry involves the use of technical-grade hexane-based solvents. The current
European Union regulations set a solvent maximum residual limit of 1 mg·kg−1 [1]. The
state-of-the-art measurement techniques are: (1) the flash point procedure [2], which is
used extensively in practice but is semi-quantitative and has a limited sensitivity (LOD
300 ppm); (2) gas chromatography (GC) indicated in ISO 9832:2002 [3], is quantitative and
sensitive down to 10 ppm residual hexane in oils. However, GC entails complex sample
preparation, calibration, and the use of high-priced equipment. Accordingly, developing a
solution based on chemical sensors that can work with a simple sampling procedure is an
extremely promising alternative.

2. Materials and Methods

In this study, three commercially available sunflower oil samples were analyzed. Their
quality was assessed by measuring the peroxide and acid values according to standards [4]
and [5], respectively. The determination of residual technical hexane content of the oil was
carried out according to the ISO 9832:2002 standard. The gas sensor investigation was
performed using commercially available gas sensors.

3. Discussion

The development of a rapid reagentless analytical method for determining residual
hexane in refined oils using SMOX-based sensors was carried out in two stages: (I) the
building of calibration curves for predicting hexane in headspace based on the measure-
ments performed in a gas mixing system (GMS) with synthetic gas mixtures, and (II) the
building of calibration curves for hexane prediction in oil, which was carried out on model
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oil samples in a static analysis mode with simplified sampling (sensors in contact with
the headspace of the contaminated oil samples) aimed for use in out-of-the-laboratory
conditions.

(I) The selection of sensors was realized by comparing the performance of the com-
mercial gas sensors using the GMS. TGS2620, TGS2600, and FIS SB-AQ1-06 were selected
for further experiments (Figure 1a).
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Figure 1. Calibration curves based on the DC resistance measurements for the FIS SB-AQ1-06 sensor
using GMS (a) and the model sunflower oils from different manufacturers (b); the use of the transfer
function obtained from GMS (a) to predict the equivalent hexane concentration in the headspace
(c) of sunflower oils (b).

(II) The building of the calibration curves for predicting hexane in oil was based
on the model samples in the following conditions: (1) the oil samples were kept at 30
◦C; (2) the time allowed for the sensors to reach equilibrium when they were placed
in the headspace of the oil samples was set to 30 min; (3) the hexane concentration in
the oil samples, 8–132 mg·kg−1, was chosen in accordance with the application demands
(Figure 1b); (4) studies of the relative matrix effect were carried out for the oil samples
of various origins to take into account possible changes in their quality. One of the main
research objectives was to propose a method for the prediction of the hexane content in
oils using their headspace without the need for the subsequent calibration of new oil
samples. Therefore, the transfer functions obtained in (I) were used to investigate the
hexane distribution between the oil and its headspace (Figure 1c). The prediction of the
equivalent hexane concentration in the oil headspace also allows the consideration of the
matrix effect, i.e., the contribution of the interfering VOCs initially contained in the gaseous
phase and reflecting the oil quality parameters (Table 1).

Table 1. Characteristics of the model sunflower oils of different manufacturers obtained using
standard methods and based on the FIS SB-AQ1-06 sensor responses.

Parameters Sample 1 Sample 2 Sample 3

Acid value, mg KOH/g 0.18 0.11 0.14
Peroxide value, meq/kg 6.1 4.1 5.0

Equivalent C(C6H14) in the headspace using
GMS, ppm 2.0 0.7 1.4

Predicted C(C6H14) in the liquid phase, ppm 1.0 1.0 0.9

Author Contributions: A.K.—investigation, formal analysis, writing the original draft; B.J.—investigation;
U.W.—supervision; N.B.—supervision, review, and editing. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Alexander von Humboldt Foundation as part of the
Philipp Schwartz-Initiative scholarship awarded to the corresponding author for the project entitled
“AI-enabled, novel, reagentless analytical method for monitoring contaminants in edible oils and
rapid quality assessment”.

Institutional Review Board Statement: Not applicable.



Proceedings 2024, 97, 122 3 of 3

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available upon request from the corresponding author to
interested researchers.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Directive 2009/32/EC of the EP and of the Council on the Approximation of the Laws of the Member States on Extraction

Solvents Used in the Production of Foodstuffs and Food Ingredients. Available online: https://eur-lex.europa.eu/legal-content/
EN/TXT/?uri=CELEX:32009L0032 (accessed on 28 March 2024).

2. ISO 2719:2016; Determination of Flash Point—Pensky-Martens Closed Cup Method, 4th ed. ISO (International Organization for
Standardization): Genève, Switzerland, 2016; 22p.

3. ISO 9832:2002; Animal and Vegetable Fats and Oils—Determination of Residual Technical Hexane Content, 2nd ed. ISO
(International Organization for Standardization): Genève, Switzerland, 2002; 10p.

4. ISO 3960:2017; Animal and Vegetable Fats and Oils—Determination of Peroxide Value. Iodometric (Visual) Endpoint Determina-
tion, 5th ed. ISO (International Organization for Standardization): Genève, Switzerland, 2017; 10p.

5. ISO 660:2020; Animal and Vegetable Fats and Oils—Determination of Acid Value and Acidity, 4th ed. ISO (International
Organization for Standardization): Genève, Switzerland, 2020; 12p.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009L0032
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009L0032

	Introduction 
	Materials and Methods 
	Discussion 
	References

