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Cheesy music: not just a matter of taste
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Introduction

When we study musical instruments, we rarely think
of cheese. Yet, some cheeses containing strong pro-
tein strings have been known to emit a very distinct
squeaky sound when being bitten or chewed. There-
fore, the collective of such string cheeses is commonly
referred to as squeaky cheese (German: Quietschkése;
Danish: knirkost). The family of squeaky cheeses in-
cludes halloumi, mozzarella, bread cheese (juustoleipa,
leipdjuusto), Oaxaca, and cheese curd [1-4].

In a prior study, we subjected mozzarella to microcom-
puted tomography [5]. The bubbles found inside were
too small to account for audible acoustics. As an alter-
native hypothesis, it was proposed that microscopic bub-
bles connected to each other form a resonating chamber
inside the cheese, that amplifies signal generated when
rubbing the protein strings. Another study hypothesised
that biting or rubbing would connect these bubble with
each other [6].

We studied the composition and acoustics of 800 samples
of Finnish bread cheese and mozzarella. As a control
group, Gouda samples were used.

Materials and methods

Throughout the experiments, a Cartesian coordinate sys-
tem was adopted, where the positive z-axis was defined
as the direction of shear in the horizontal zy-plane from
the point of view of the operator.

Acoustic experiments were performed on commercially
available leipajuusto, using a method previously pub-
lished [5, 7]. Gouda cheese was chosen for controls.

Elatuli Juustoleipd bread cheese (Vaasan Juustola Oy,
Vaasa, Finland), prepackaged in 200-g pieces, mozzarella
cheese (Granarolo S.p.A., Bologna, Italy), prepackaged
in 125-g pieces, and Frico Gouda cheese (Koninklijke
FrieslandCampina N.V., Amersfoort, The Netherlands),
prepackaged in 440410-g pieces (Riitan Herkku Oy, Mus-
tasaari, Finland), were manually cut into = X y X z =
14 x 20 x 5-mm?® cuboids prior to experiments at room
temperature. The standard deviations of the cuboid
edges were determined to be less than 2mm in each di-
mension using a standard ruler. Any squeaking during
cutting was ignored.

A Leikkuulautu bamboo board (Tokmanni Oy, Méants&la,
Finland) was marked with an area for consistent sam-
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ple placement. The board was positioned on top of
SOEHNLE Page Compact 300 scales (Leifheit AG, Nas-
sau, Germany). Immediately after cheese sample place-
ment on the board, a wetted 6.8003.22 steel blade (Vic-
torinox AG, Ibach-Schwyz, Switzerland) was held side-
ways and manually slid over the sample, twice in positive
and twice in negative direction of displacement, whilst
pushing down to ensure a weight indication of 4+2N.
Audio footage was collected with a cell phone at a 40.1-
kHz sampling frequency and stored in .m4a format for
offline processing. Video footage was captured with an-
other cell phone at a 30-Hz frame rate and stored in .mp4
format for ensuring reproducibility of the experiments
and for offline processing. The display of the scales and
the timer of the audio-recording cell phone were in the
field of view of the video-recording cell phone, allowing
for offline synchronizing. A line drawing of the setup for
these audible experiments is shown in Figure 1.

Figure 1: Line drawing of the experimental setup, compris-
ing a video-recording cell phone (a), a bamboo board (b), an
audio-recording cell phone (c), a cheese sample (d), a wetted
blade held side-ways (e), and scales (). The positive z-axis
was defined as the direction of shear in the horizontal xy-plane
from the point of view of the operator.

Audio and video recordings were synchronised using
Audacity® 2.3.2 software (Audacity Team, retrieved
08/05/2019 from https://audacityteam.org/) on a lap-
top computer. The audio data were divided and cropped
into 800-ms segments, each starting at blade movement.
Each segment was subjected to a 501-points fifth de-
gree Savitzky-Golay filter in the frequency domain, using
MATLAB® (The MathWorks, Inc., Natick, MA).

In addition to these scientific experiments, a bread cheese
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orchestra was created by superimposing one hundred
recordings, purely for entertainment.

Results and discussion

The sound that was produced by rubbing the side of the
wetted blade across the top surface of a sample created
a whining noise, almost as elegant as that of bagpipes.

Figure 2 shows an example of the sound produced by
bread cheese and associated frequency spectra. Blade
displacement has been displayed on the same time scale.
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Figure 2: Normalised audio signal V (¢) (a) of a bread cheese
squeak (black) and a mozzarella squeak (blue) and Fourier
amplitude spectra A(f) of three windows of 0.15-s duration,
starting at timestamps 0.60s (b), 0.90s (¢), and 1.15s (d),
respectively. Blade displacement D(t) (red) has been super-
imposed in (a).

Frequency spectra of the three stages of a squeak have
been shown in Figure 1b—d. The first stage represents
a rubbing sound, the second stage a clearer tone, and
the third stage a thudding sound. In all three bread
cheese spectra, peaks were observed at a fundamental
frequency of 1 kHz. The second stage showed pronounced
higher harmonics at 3 kHz and 5 kHz. The spectrum of a
mozzarella squeak showed harmonic of lesser amplitudes
and at lower frequencies.

The blade acted like a bow on a viola string and produced
a sound through slip-stick motion [8]. We attribute the
amplification to small interconnected bubbles inside the
cheese acting as resonating chambers.

Reusing a sample did not influence the success of squeak
production. Thus, the resonating chamber was not in-
creased by the sliding blade motion. Acoustic differences
in the squeaks produced under different sliding directions
were considered negligible, suggesting that directionality
did not play a role in squeak production.

From microcomputed tomography images it had been
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shown that mozzarella has larger air pockets than bread
cheese. Nevertheless, generating audible sound in moz-
zarella was less successful (20%) than in bread cheese

(100%).

Experiments with the bread cheese orchestra produced
acoustic output resembling a flock of seagulls. A link
to the unsynchronised and the synchronised output has
been added to the author statement.

Conclusions

Despite these promising harmonics generated, we do not
anticipate a major role for squeaky cheese in the current
setting of a symphony orchestra.
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