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Product protection and quality control

Rapid On-Site Detection of Food Fraud

Counterfeit or low-quality products - such as olive oil made from dyed rape-
seed oil - are often difficult or impossible to identify at a glance. A mobile gas
chromatography sensor system is now being developed to help detect falsely
labeled products directly on site. Three Fraunhofer institutes are working to-
gether to create an affordable, easy-to-use device that enables even non-ex-
perts to perform rapid, on-the-spot assessments.

Food fraud has been on the rise for years. High demand, intense price competition and
complex supply chains create ideal conditions for mislabeling. If harmful ingredients are
used, this type of fraud can pose serious health risks. Until now, detecting counterfeit
foods has required costly and time-consuming laboratory analyses. In addition, lab-
based analysis systems require trained specialists to operate the equipment and inter-
pret the data. Fraunhofer researchers are working to address this issue. In the Fraunho-
fer PREPARE project PUMMEL (see below), research teams at the Fraunhofer Institutes
for Photonic Microsystems IPMS, for Molecular Biology and Applied Ecology IME and
for Process Engineering and Packaging IVV are combining their core expertise in gas
chromatography measurement methods, sensor development and chemical sensing.
Their goal is to develop a mobile gas chromatography sensor system for rapid on-site
detection of volatile organic compounds (VOCs). VOCs are chemical compounds that
reveal information about a material’s composition or possible health hazards and can
signal changes in product characteristics. The detection of VOCs plays an important
role in many fields, including food quality and safety, healthcare, civil security, agricul-
ture and the chemical industry.

Two industrially relevant use cases

“There's a clear need for cost-efficient, rapid and robust on-site measurement technol-
ogy that yields immediate results,” says Olaf Hild, Head of Department at Fraunhofer
IPMS. “Our system isn't universal, but its modular design makes it suitable for a broad
range of applications. In the PUMMEL project, we're focusing on two industrially rele-
vant use cases. First, the identification of counterfeit olive oil, which ranks among the
top ten most frequently falsified food products, and second, the detection of contami-
nated plastic recyclates that can accumulate in packaging materials. This is particularly
significant given that the recycling rate reached a record high of nearly 70 percent in
2025. For this purpose, we're developing two application-specific demonstrators for
VOC detection.” Mark Bicking, Head of Department at Fraunhofer IME, adds: “We're
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The mobile system — about the size of a shoulder bag once complete — will consist of a
silicon-chip-based gas chromatography column (GC column), a detector or sensor, inte-
grated sample preparation, control and data-processing electronics and a power sup-
ply. “Gas chromatography (GC) is an analytical method used to separate, identify and
guantify mixtures of substances. It's suitable for gaseous or readily vaporizable com-
pounds that don't decompose on vaporization,” explains Olaf Hild. “A carrier gas first
transports the sample through the GC column, which we've etched into a rapidly heat-
able and coolable silicon chip.” Inside the column, the gas molecules interact with the
polymer-coated inner walls. The VOCs react with the inner coating depending on their
affinity, and the mixture is separated. At the end of the chip-based GC column, a de-
tector measures the substances separated by their molecular characteristics, generating
a gas chromatogram with peaks that reveal the composition of the mixture. Fraunhofer
IME handles the analysis of the measurement data. In the case of olive oil, the goal is to
determine parameters, such as country of origin, age and purity level.

Initial tests successfully completed

Current tests using a conventional three-meter GC column demonstrate reliable sepa-
ration of VOCs and enable effective sample analysis. GC columns in conventional, high-
end laboratory gas chromatographs are often over 30 meters long and deliver higher
separation efficiency, but this level of efficiency is not required for quality assessment
of most foods. Among other challenges, the Fraunhofer researchers are working to de-
sign miniaturized GC columns capable of providing sufficient separation of VOCs spe-
cific to different foods.

“With our system we’re targeting non-specialists, such as bottlers and incoming-goods
inspectors, who can easily operate the device after a short briefing,” says Tilman Sauer-
wald, a researcher at Fraunhofer IVV, where the demonstrators are currently being de-
veloped. “The components of our system can be adapted for specific applications,
making it suitable for quality control in a range of different contexts, including the
analysis of recycled plastics. We're more than happy to work with industry partners to
develop customized applications.”

The researchers will present some results of the project from March 24 to 27, 2026 at
the Analytica trade fair in Munich at the Fraunhofer joint stand in Hall 3, Stand 312.

Fraunhofer PREPARE project PUMMEL
Point-of-use micro-multichannel gas chromatograph

Duration:
March 2023 through August 2026
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Project funded by:
Fraunhofer program PREPARE

Project partners:

¢ Fraunhofer IME (validation and benchmarking)

¢ Fraunhofer IPMS (component concept for chip-based implementation, development
of the GC separation column)

e Fraunhofer IVV (sample preparation, system electronics and integration)

Fig. 1 Micro-gas chroma-
tography columns (pGC col-
umns) etched into a 200-mm
silicon wafer. The columns
are sealed with a second wa-
fer using a wafer-bonding
process and then separated.
They are subsequently
coated with a stationary
phase, similar to conven-
tional GC columns.
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Fig. 2 Unsealed pGC col-
umn
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the center of a sawn-open

MGC chip showing the rever-

sal point of the column in

the center.
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Fig.4  Portable analyzer
for rapid olive oil authentic-
ity assessment
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The Fraunhofer-Gesellschaft, headquartered in Germany, is one of the world'’s leading organizations for applied research. It plays a major role in
innovation by prioritizing research on cutting-edge technologies and the transfer of results to industry to strengthen Germany's industrial base and
for the benefit of society as a whole. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 75 institutes and research units throughout
Germany. Its nearly 32,000 employees, predominantly scientists and engineers, work with an annual business volume of 3.6 billion euros;

3.1 billion euros of this stems from contract research.



