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Abstract: Food allergies are a severe burden for affected individuals and healthcare systems. To
tackle the need for simple food allergen detection, we developed a system for the detection of the soy
protein glycinin via a centrifugal microfluidics-assisted lateral flow immunoassay (LFIA). Glycinin
is a complex allergen requiring extensive sample preparation. The presented workflow includes a
manual denaturing extraction, followed by automated centrifugal microfluidic desalting, metering
and detection via LFIA. The functionality of the microfluidic cassettes was tested on prototypes
produced via microthermoforming before an injection molding tool was designed, which added a
cylindrical lens to improve the readout. Overall, this system aims to aid in food allergen detection
with high sensitivity and minimized manual steps.
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1. Introduction

Food allergies are on the rise worldwide, which places a burden on healthcare systems
and can lead to a severely deteriorated quality of life for affected individuals [1]. Since
the main way of coping with food allergies is avoidance of foods containing the allergens,
consistent and reliable labelling of products is of great importance. This leads to a demand
for easy-to-use analytical tools for the detection of allergens for the food industry. Glycinin
is a storage protein in soy and one of the allergenic moieties causing adverse reactions
in individuals sensitized to soy [2]. It is a complex and variable allergen and can be
affected by food processing. This necessitates extensive sample preparation and makes it
a challenging analyte for a quantitative assay. Innovative technological solutions, which
automate sample preparation while maintaining test performance, can enable time and
cost savings in providing safe food.

2. Materials and Methods

Rabbit monoclonal and polyclonal antibodies (mAbs and pAbs) against denatured
glycinin were developed and a lateral flow immunoassay (LFIA) was established. Ground-
up food samples containing glycinin were treated with extraction buffer containing 6 M
urea for 30 min followed by centrifugation. The samples were desalted with disposable
spin desalting columns, 7K MWCO. A centrifugal microfluidic cassette was designed to
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automate the sample preparation and detection steps (Figure 1) and was produced as a
prototype by microthermoforming as described previously [3]. The prototype was tested
on the LabDisk-Player2 (Rhonda version). After a functional model was established, the
design was transferred to injection molding, where a cylindrical polymer optic lens was
integrated to optimize the fluorescent readout of the system.
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Figure 1. Depicted is the workflow of the glycinin extraction, desalting and detection with the
corresponding automated steps for the design of the centrifugal microfluidic cassette.

3. Results and Discussion

A workflow for the extraction and detection of glycinin was established (Figure 1). The
denaturing extraction was implemented outside of the microfluidic cassette and optimized
for maximum glycinin yield. The desalting, metering, mixing with assay components and
detection on the lateral flow strip were integrated into the cassette. Rabbit anti-glycinin
Abs were developed and a sandwich-format LFIA was established with the pAb on the
test line and the mAb functionalized with fluorescent microspheres as the detection Ab.
The injection-molded cassette can be run in the commercially available LabDisk-Player2
(Rhonda version) point-of-care device and benefit the user by reducing the time to result
and the number of manual steps.

Author Contributions: Conceptualization, B.B., D.M.K. and A K.; methodology, B.B. and D.M.K.; val-
idation, B.B. and D.M.K,; formal analysis, B.B. and D.M.K; investigation, B.B. and D.M.K_; resources,
M.G. and R.M.; writing—original draft preparation, B.B.; writing—review and editing, B.B., D.M.K.,
SW., MG, SS., RM,, FvS. and A K.; visualization, B.B. and D.M.K.; supervision, F.v.S. and A.K.;
project administration, D.M.K.,, RM. and S.S.; funding acquisition, R.M. and S.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was carried out in the framework of the Collective Research Networking
(IGF/CORNET no. 302 EN). It was supported by the Federal Ministry for Economic Affairs and
Climate Action (BMWK) through the AiF (German Federation of Industrial Research Associations
e.V.) based on a decision taken by the German Bundestag, and from the Public Service of the
Walloon Region (Belgium)—Department for Research and Technological Development (CORNET
2020 #2010272).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Proceedings 2024, 97,199 30f3

Data Availability Statement: Data are contained within this manuscript.

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

References

1.  Loh, W,; Tang, M. The Epidemiology of Food Allergy in the Global Context. Int. ]. Environ. Res. Public Health 2018, 15, 2043.
[CrossRef] [PubMed]

2. Katz, Y,; Gutierrez-Castrellon, P; Gonzalez, M.G.; Rivas, R.; Lee, B.W.; Alarcon, P. A comprehensive review of sensitization and
allergy to soy-based products. Clin. Rev. Allergy Immunol. 2014, 46, 272-281. [CrossRef] [PubMed]

3. Focke, M.; Kosse, D.; Al-Bamerni, D.; Lutz, S.; Miiller, C.; Reinecke, H.; Zengerle, R.; Stetten, F. von. Microthermoforming of
microfluidic substrates by soft lithography (WTSL): Optimization using design of experiments. J. Micromech. Microeng. 2011, 21,
115002. [CrossRef]

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://doi.org/10.3390/ijerph15092043
https://www.ncbi.nlm.nih.gov/pubmed/30231558
https://doi.org/10.1007/s12016-013-8404-9
https://www.ncbi.nlm.nih.gov/pubmed/24425446
https://doi.org/10.1088/0960-1317/21/11/115002

	Introduction 
	Materials and Methods 
	Results and Discussion 
	References

