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Abstract: Background: The falsification of food products is a practice that has always been with mankind.
Initially, it stemmed from the need to satisfy basic needs, and then from the desire for profit, at the expense of
the health and sometimes the lives of consumers. Today, food safety issues are becoming a priority in
consumers' daily lives. It is estimated that one in four food products is falsified. Man has lost the ability to
naturally identify healthy food. He has therefore begun to prioritise the speed and ease of its preparation at the
expense, often of health. The techniques currently available for detecting falsification are inaccessible to the
ordinary consumer. The technique proposed by the authors is the beginning of a publicly available method for
detecting falsification. Scope and approach: Currently, instrumental or sensory methods are used to assess the
authenticity, and therefore identification, of foods. The former are expensive and time-consuming and the latter
are unobjective. The authors proposed a method using ultrasound with parameters that are neutral to the
material to be tested. The technique allows results to be obtained in times measured in microseconds without
destroying the material under test, saving costs. Three differently weighted groups of beers were used for the
study. These were industrial, regional and domestic beers. Main findings and conclusions: The results of the
study indicate that the ultrasonic method is useful for the non-destructive identification of industrial and
regional beers, which are produced using different technologies and differ in composition. The method
analysed was not suitable for separating homebrew beers from other types of beer.

Keywords: ultrasound; safety; food; traceability

Introduction

The authenticity of food products is increasingly difficult to track in an era of globalisation of
the food supply chain. Consumers are often unable to assess the quality of food products that are
produced in different regions of the world and are new to the local market. Food products are
particularly exposed to adulteration, dilution or mislabelling. This is now a global problem with an
extremely significant impact on the health and, increasingly, the lives of people. Equally important
are the socio-economic implications of this practice. One such product is beer. Foreign brands of beer
are widely available around the world and their authenticity can be difficult to establish. (Gwenzi et
al.,, 2023; Kumar and Vaithiyanatha, 2023)

Poland has emerged as one of the world’s leading producers of beer. The Polish and global beer
markets continue to expand dynamically.

Poland is the second largest producer of beer in the European Union (ec.europa.eu/eurostat) and
seventh in the world (atlasbig.com), responsible for 28% of global beer production in the world
(www.barthhaas.com). It is worth to note that in the 1980s this share was 47% (Szajner, 2018).

The growing popularity of craft, artisan, regional and homebrew beer has contributed to a “beer
revolution” in the last decade. Artisan beer is usually of higher quality than industrial beer. The basic
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ingredients in beer production are water, malt, hops and yeast. Some industrial beers are malt-free
and contain various additives such as grain, syrup, sugar, hops essential oil, sulfur dioxide and
carbon dioxide. Tannic acid, clarifiers, foam stabilizers and reducing agents are also used in the
brewing process (Lewis and Young, 2001) The quality of the final product is determined by the
applied technology and additives. The wide availability of production technologies and ingredients
contributes to the diversity of beers on the global market. Reputable manufacturers go to great
lengths to ensure that their products are safe and meet stringent quality requirements. However, food
adulteration is a wide spread problem, and according to estimates, every food product in the world
is falsified (Kowalczyk, 2014). Beer is one of the food products with the longest history of
adulteration, and the earliest historical evidence of beer dilution dates back to the reigns of
Hammurabi (Kowalczyk, 2014). At present, counterfeit food labels or the complete absence of food
labeling are the most popular falsification methods which prevent products from being traced or
tracked. Food falsification poses a growing problem around the world, which can be partly attributed
to the lack of rapid, objective and non-destructive methods for tracing the products” origin. The
existing methods require specialist laboratory equipment and trained personnel.

Ultrasound methods play an important role in food testing. These techniques rely on differences
in the propagation speed of ultrasound waves in various materials. Ultrasound is the vibration of
particles around their equilibrium position at frequencies higher than the upper limit of human
hearing, i.e. above 20 kHz to about 100 MHz. Ultrasound tests can be destructive or non-destructive.
Tests performed at low frequencies (below 200 - 300 kHz) and high power density (above 10 - 1000
W cm?) can modify or even damage cellular structures and are used in the manufacturing process.
Non-destructive testing (NDT) uses higher frequencies (1 - 100 MHz) and lower power density
(below 1 -10 W cm2), which protects the analysed materials from damage and aids diagnosis. (Kobus,
et al. 2023; Kumar, et al., 2023; Kaczmarski and Lewicki, 2005; Wesotowski, et al., 2016a; Wesotowski
et al., 2016b; Dolatowski, 1999; Dolatowski and Stasiak, 2012; Konopacka et al., 2015; Latoch, 2009;
Twarda and Dolatowski, 2006; Witrowa-Rajchert, 2012; Sienkiewicz et al., 2017).

Materials and methods

Nine beers brewed in different production systems were analyzed: Tatra, Heineken and Warka
produced by Grupa Zywiec SA, Tyskie produced by Kompania Piwowarska SA, Rycerz produced
by the Gosciszewo Brewery, Warminiskie Rewolucje produced by the Kormoran Brewery, and three
homebrew beers, including Irish red ale (IRA) made by Piotr Starowicz, M.Sc., of the Department of
Food Biochemistry of the University of Warmia and Mazury in Olsztyn, Pszeniczny Lager and
Colorado IPA.

The test stand was composed of the Olympus Panametrics-NDT 5800PR ultrasonic pulser-
receiver, two INCO MO02 2L0*20C ultrasonic probes with longitudinal wave propagation at a
frequency of 2 MHz, the Tektronix TDS 1012B oscilloscope, a PC and a custom-designed measuring
module (Figure 1).
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Figure 1. Measurement station. (a). Diagram of the measurement station. (b).Photo.
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The module was designed to maintain a constant distance between the probes of 48 mm, a
constant temperature of the analyzed medium, and the coaxial position of the ultrasound probes. The
time taken by the ultrasound beam to penetrate the medium was measured. For this purpose, the
“zero crossing” method was adopted, based on measurement of ultrasound travel time from the
transmitting probe to the receiving probe.

Figure 2 shows schematics of the method used. This is illustrated by the two waveforms
presented. The points of reference were the places where the rising edge of the signal at the peak with
the maximum amplitude crosses the zero axis on the transmitting and receiving sides.
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Figure 2. Scheme of determining the ultrasound propagation time by a subject. material. Own source.

(a).— broadcast signal, (b).— receives signal.

The distance between the two points of intersection with the 0 axis indicates the transition time
t, the value of which was used to determine the speed of ultrasound propagation characteristic for

various materials.
Beer was poured into the measuring chamber, and ultrasound reflection time was displayed on

the oscilloscope screen (Figure 3).
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Figure 3. Measurement of the propagation time of ultrasounds in the medium.

The measurements were performed in 9 replications for each of the tested beers. Beer
temperature was maintained at 17+1°C. The propagation speed of ultrasound waves in the analyzed
medium was determined with formula (1) on the assumption that the velocity of ultrasonic vibration
is constant over a short distance.

v =s/t [ms'] (1)

where: v — propagation speed of ultrasound waves, s — distance between ultrasonic probes [m], t —
ultrasound transmission time through the medium [s].
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The results were processed statistically in the Statistica 13.1 program (Stat Soft Inc., USA). The
non-parametric Kruskal-Wallis test was applied to analyze data with non-normal distribution at a
significance level of p («)<0.05.

Results and discussion

The calculated ultrasound velocity is presented graphically in Figure 4.
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Figure 4. The average velocity of ultrasound propagation in the studied types of beer.

The average propagation speed of ultrasound waves did not differ significantly in industrial
beers (Warka, Tyskie, Tatra, Heineken) and was determined in the range of 1522.0+0.0 m s to
1524.5+0.3 m s,

No significant differences were observed between regional beers (Warminskie Rewolucje and
Rycerz), either. In these media, propagation speed ranged from 1526.9+0.3 m s to 1527.9+0.3 m s'..
Ultrasound propagation speeds differed significantly in homebrew beers and were determined at
1519.620.3 m s! in Pszeniczny Lager, 1523.8+0.5 m s in Irish red ale, and 1531.0+0.0 m s in Colorado
IPA.

The results of the study indicate that non-destructive ultrasound measurements support the
identification of various types of beer. Industrial beers were characterized by similar acoustic
parameters and were successfully distinguished from regional beers with the use of ultrasound
waves. The average ultrasound propagation speed in Tyskie, Tatra and Warka was 1524.03+0.49 m s-
1. A minor but significant difference was noted only in Heineken beer, where average propagation
speed was determined at 1522.36+0.36 m s''. The above difference could be attributed to variations in
production technology. Tyskie, Tatra and Warka are brewed according to traditional Polish recipes,
whereas Heineken is produced under a Dutch license. Regional beers did not differ significantly in
ultrasound propagation speed which was determined at 1527.29+0.80 m s on average. There are no
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published data on the use of ultrasonic methods for discriminating different beer brands and types.
Ultrasounds have been successfully applied to identify turkey meat and pork (Nowak, 2015)

Novoa-Diaz et al. (2014) proposed an ultrasonic method for monitoring red wine ageing
(Tempranillo, Spain). Ratajski et al. (2013) demonstrated the applicability of ultrasound testing for
identifying selected types of honey (rapeseed and mixed flower honey). Ultrasonic measurements
were also successfully deployed to test the ripeness of Cheddar and Mahon cheese (Benedito et al.,
2002) as well as Manchego cheese (Benedito et al., 2005)

Conclusion

The presented non-destructive ultrasonic method supported the discrimination of industrial
beers from beers manufactured in regional breweries. The results of this study indicate that beers can
be effectively identified based on the average propagation speed of ultrasound waves. However,
homebrew beer is produced with the involvement of various techniques, and the applicability of
ultrasound tests for discriminating homebrew beers from industrial and regional beers cannot be
reliably assessed based on our findings.

Acknowledgment: We would like to thank Professor Krystyna Skibniewska for valuable advice and
support during the research and their description.
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