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Abstract

The impact of light on beer degradation is a well-established phenomenon, leading to development of undesirable
flavours or, in severe cases, complete spoilage. This study investigates the extent to which photodegradation is
perceptible to beer consumers. Beer samples in commercial bottles were subjected to controlled light exposure to
induce defined levels of degradation. The degree of light damage was monitored using both an optical method of
tracking changes in absorbance and riboflavin content via HPLC and a sensory evaluation by a lay consumer sensory
panel. The findings from the sensory panel were statistically compared with the optical measurement results, high-
lighting correlations between the sensory perception and quantifiable optical changes.
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1 Introduction

Exposure to light is a well-documented cause of un-
desirable flavour development and, in extreme cases,
spoilage of beer. As early as in 1875, Lintner described
the effects of light radiation on beer’s quality and taste,
referring to the phenomenon of “light-struck flavour”
(LSF), also known as “skunk flavour” The compound
responsible for this off-flavour is 3-methylbut-2-ene-
1-thiol (MBT) (Irwin, 1993). Riboflavin (RF) plays
a pivotal role in this process, as it absorbs light in the
blue spectrum and transfers excitation energy to isohu-
mulones (Sakuma et al, 1991). This reaction results in
the degradation of RF, which causes a reduction in the
beer’s absorbance in the blue region of the spectrum at
approximately 450 nm, directly correlating with the for-
mation of LSF (Gabriel et al., 2022b).

Key factors influencing the rate of beer’s light deg-
radation include the intensity and spectral composition

of incident light, the concentrations of RF and isohumu-
lones, and the colour of the bottle, which determines the
extent of light attenuation through the bottle wall (Ga-
briel et al., 2022a; Gabriel et al., 2022b). Additionally, the
overall composition of the beer, particularly the presence
of compounds that interact with excited RF and inhibit
energy transfer to isohumulones, may significantly affect
its susceptibility to degradation.

Currently, optical damage in beer is typically in-
vestigated only in response to complaints regarding
off-flavours or odours. Standard procedures do not
test beer or its packaging for susceptibility to light
damage. Objective and reproducible evaluations re-
quire controlled light exposure conditions and precise
quantification of the resulting optical damage. This is
conventionally achieved through the sensory evalua-
tion by trained expert panels (Irwin, 1993). However,
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the sensory analysis is resource-intensive, requiring
skilled professionals, specialized facilities, and well-
equipped sensory laboratories.

A routine sensory assessment of multiple samples is
further complicated by a rapid saturation and slow recov-
ery of olfactory sensors at higher LSF intensities. Moreo-
ver, the intensity of LSF must be evaluated immediately
after pouring the beer, as the odour quickly dissipates.
These limitations make sensory evaluation impractical
for routine operational inspections.

Until recently, it was not possible to assess the de-
gree of optical damage in beer directly within closed
packages without opening them. However, beer light
degradation is associated with changes in the sample’s
optical properties. A previous study by Gabriel et al.
(2022b) demonstrated that light degradation in beer
can be optically monitored within a sealed commercial
bottle using the Colorturb device. This device measures
the decrease in absorbance at 466 nm (AbsBlue) under
defined illumination conditions. The study concluded
that the reduction in absorbance at 466 nm highly cor-
relates with RF degradation and the formation of LSF,
making it a reliable marker for light-induced degrada-
tion processes in beer.

To prepare samples with defined levels of light deg-
radation, we utilized the illumination adapter, which pro-
vides uniform spatial and temporal light exposure. The
extent of light degradation was controlled by adjusting
the exposure time and verified by measuring the de-
crease in AbsBlue absorbance and RF content.

In this study, we employed a lay sensory panel to
evaluate the degree of light degradation in beer. The
primary reason for using lay assessors is that most beer
consumers are non-experts, making their feedback more
reflective of real-world conditions. However, lay panels
often exhibit greater variability compared to trained as-
sessors due to their heterogeneity. As Lawless and Hey-
mann (2010) note, up to one-fifth of lay panellists may
fail to identify differences and resort to guessing, leading
to potentially inconsistent results across panels. None-
theless, using lay assessors provides insights that are
highly relevant for manufacturers, as consumer opinions
are ultimately decisive.

The objective of this study is to quantify the extent of
light degradation detectable by a lay sensory panel and
to compare their findings with two objective measures:
the decrease in RF content and the reduction in absorb-
ance at 466 nm (AbsBlue) as described in Gabriel et al.
(2022b).
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2 Materials and methods

2.1 Beer samples

Pilsner-type beer samples in 0.5 L green bottles were
supplied by a local Czech brewery. The bottles were tak-
en directly from the bottling line, immediately wrapped
in aluminium foil, and placed in a paper box to protect
them from light exposure. Subsequently, they were
stored in a dark and cold environment. Each batch con-
sisted of 30 bottles collected sequentially from the bot-
tling line. Filtered and pasteurized beer was used for the
experiments. Long-term monitoring of the selected beer
confirmed that the oxygen content in the bottles was con-
sistently below 100 ppb.

2.2 Absorbance standard

A yellow tartrazine dye solution was prepared by dis-
solving 10 mg of Tartrazine (dye content =85%, Sig-
ma-Aldrich) in 1 L of deionized water. The deionized
water, with a conductivity of less than 0.2 puS/cm, was
obtained using an Aqual 35 instrument. The absorption
spectrum of the tartrazine solution was measured using
a single-beam spectrophotometer (Specord 40, Analytik
Jena) with a 1 cm cuvette. The solution was then dilut-
ed with deionized water to achieve a final absorbance of
0.2 AU at 450 nm.

2.3 lllumination adapter

A specialized adapter was developed to ensure uniform
illumination of bottled samples. The adapter comprises
a plastic tube lined internally with a strip of light-emit-
ting diodes (LEDs) emitting a wavelength of 450+30 nm,
which corresponds to the maximum absorbance of RE.
Bottles containing samples are placed inside the tube.
The light intensity within the illuminator is temporally
and spatially stable, with a variation of less than 0.1%.
For further details, refer to Gabriel et al. (2022a).

2.4 HPLC analysis

HPLC analysis was performed using an Ultimate 3000
instrument (Dionex) equipped with a multichannel fluo-
rescence detector. Chromatographic separation was con-
ducted on an Ascentis® Express C18 column (250 mm x
3 mm x 5 pm) with a C18 guard column, maintained at
30 °C, using gradient elution. Mobile phase A consisted
of 0.05 M phosphate buffer (K,HPO,, KH,PO,, pH 7; Lach-
Ner, Czech Republic), while mobile phase B was metha-
nol (Sigma-Aldrich). The elution gradient was as follows:
0 min/97% B, 5-15 min linear decrease to 30% B, 15-
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25 min at 30% B, 25-30 min rapid increase to 97% B, and
30-35 min at 97% B. The total runtime was 35 minutes,
with a flow rate of 0.3 mL/min and an injection volume
of 5 pL. Riboflavin was detected using an excitation wave-
length of 440 nm and an emission wavelength of 520 nm,
following the method described by Hucker et al. (2011).

2.5 Absorbance Measurement with the Colorturb device
The Colorturb device was specifically designed and de-
veloped to measure changes in colour and turbidity in
beverages within commercial packaging, see Gabriel and
Sigler (2018). The device accommodates samples in cu-
vettes or directly in commercial bottles, with volumes
ranging from 0.1 L (cuvettes) to 2 L (PET bottles). This
design enables to take measurements without opening
the packaging. To reduce the influence of the bottle on
measurement results, samples are placed in a chamber
filled with immersion liquid and subjected to controlled
rotation during analysis.

The device utilizes a red-green-blue LED light source,
enabling independent absorbance measurements in
three distinct wavelength regions, ranging from one to
four absorbance units (AU). Colorturb deviceprovides
three absorbance values corresponding to the light sourc-
es: AbsRed (630 nm), AbsGreen (518 nm), and AbsBlue
(466 nm). Additionally, turbidity is measured using a red-
light source at detection angles of 90° and 13°-20°.

Measurements at these three wavelengths effectively
eliminate the influence of bottle colour on the results, al-
lowing differentiation not only in colour intensity but also
in colour hue of the sample. For further details, see Ga-
briel and Sigler (2018) and Gabriel et al. (2022a). The ab-
sorbance measurement at 466 nm is specifically designat-
ed as AbsBlue. The Colorturb device has a detection limit
of 0.001 AU, with measurement repeatability exceeding
0.005 AU, as reported by Gabriel and Sigler (2018).

Figure 1 Colorturb device
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2.6 Characterization of bottle properties

Green bottles were selected for light degradation exper-
iments due to their partial transmission of blue light in
the spectral range of 420-480 nm, which corresponds
to the absorption maximum of RF, thereby enabling light
degradation of the sample. Additionally, 0.5 L bottles
were chosen as they allow the preparation of up to nine
samples for sensory analysis, and their longer geomet-
ric optical path enhances the sensitivity of absorbance
measurements compared to smaller packaging.

The geometric length of the optical path for the se-
lected bottles was determined using the following pro-
cedure. A set of 30 bottles was emptied, cleaned, and
filled with distilled water, and their absorbance was
also measured using Colorturb (AbsBlue, ). The bottles
were then emptied, filled with a tartrazine dye solution,
and measured again using the same device (AbsBlue,).
The absorbance of the tartrazine dye solution in each
bottle was obtained by subtracting the absorbance val-
ues measured for distilled water from those measured
for the dye solution.

A precision cylindrical cuvette with a known optical
path length of L, = 6.0 cm was filled with the same tar-
trazine dye solution, and its absorbance was measured
using Colorturb (AbsBlue ). The optical path length of the
beam in each bottle, L, was calculated as the ratio of the
absorbance measured in the bottle to that measured in
the cuvette (see Equation 1).

_ AbsBluer—AbsBluey

L
B AbsBlueg

*Le (1)

The average optical path length L for the set of bottles
was calculated as L=5.0£0.1 cm.

2.7 Evaluation of Light Attenuation in Sample Bottles

In the illumination adapter, the intensity of light reach-
ing the sample is determined by the attenuation prop-
erties of the bottle walls. To evaluate these transmis-
sion properties, 30 bottles were emptied, cleaned, and
filled with distilled water. Absorbance measurements
were then conducted using the Colorturb device. These
measurements facilitated the assessment of how the
bottle colour influences the amount of light transmit-
ted to the sample during illumination (Gabriel and
Sigler, 2018).

The average wall absorbance of the selected bot-
tles was calculated as 0.773+0.012 AU. Notably, during
AbsBlue measurements, light passes through the bottle
wall twice.

bsBlue

Al
Transmitance[%)] = 100 10—z

(2)
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Using Equation (2), the average transmittance of the
bottle was calculated as Transmittance [%] = 41.1+0.5.
This indicates that only 41.1% of the incident light at
a wavelength of 450 nm penetrates the bottle. The var-
iation in light transmittance among the selected bottles
was within 1%. During illumination in the illumina-
tion adapter, the intensity of light reaching the sample
through the bottle is uniform across all samples, making
exposure time the decisive parameter in determining the
level of light-induced damage to the sample.

2.8 Sample Selection for Sensory Experiments

For reliable sensory test results, it is crucial to ensure
that all samples are sensorially identical before undergo-
ing light degradation and sensory analysis. Despite being
taken sequentially from the bottling line and stored un-
der uniform conditions, samples may vary due to factors
such as non-standard bottles, leaky caps, or subsequent
beer oxidation.

To identify non-standard samples, we used the colour
and turbidity measurements performed directly on the
Colorturb device. The absorbance of each bottle repre-
sents the combined absorbance of the bottle itself and
its contents. Deviations from the average absorbance
value indicate either a non-standard bottle or non-stand-
ard beer. For the set of bottles, the AbsBlue absorbance
values were measured, yielding an average value of
2.266+0.021 AU. Each bottle was measured three times,
and the mean and standard deviation were calculated.
A higher standard deviation in repeated AbsBlue meas-
urements indicated sample non-uniformity. Additionally,
turbidity values were recorded, as increased turbidity
also signifies a non-standard sample.

Initially, samples with turbidity values exceeding three
times the standard deviation of the average were excluded
as outliers. Similarly, samples with a standard deviation in
repeated AbsBlue measurements greater than three times
the standard deviation of the average were excluded. Last-
ly, samples with AbsBlue values exceeding three times the
standard deviation from the mean were also removed. Af-
ter outlier exclusion, the selected samples had an average
AbsBlue value of 2.256+0.012 AU, where the standard de-
viation of 0.0120 AU reflects variability across all bottles,
while the standard deviation of repeated measurements
for any individual bottle was less than 0.001 AU.

2.9 Optical Method for Assessing the Degree

of Light-Induced Degradation in Beer
The degree of light degradation in beer was determined by
measuring changes in absorbance directly within the bot-
tle. Light-induced degradation is associated with RF break-
down, leading to absorbance changes near 450 nm, as docu-
mented by Pozdrik (2006) and Gabriel et al. (2022b).
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The decrease in absorbance reflects the loss of RF due
to its decomposition during the light-induced degrada-
tion of beer, which directly correlates with a reduction in
sample absorbance. Gabriel et al. (2022a) demonstrated
that the decrease in AbsBlue absorbance under defined
illumination conditions (dAbsBlue) is proportional to the
rate of sample degradation and the formation of the LSF
aftertaste. AbsBlue absorbance values were measured
using the Colorturb device. Each measurement was re-
peated three times, and the average and standard devia-
tion were calculated for use in subsequent analyses.

2.10 Preparation of samples with a defined level
of light degradation

The samples were first removed from refrigeration and
allowed to reach room temperature. The initial AbsBlue
level of each sample was measured using Colorturb. To en-
sure accuracy and assess variability in the measurement
method, each sample was measured three times, with the
final value calculated as the mean of these measurements.
The sample was then placed into the illumination adapter,
which emits light at a wavelength of 450+30 nm, until the
desired change in dAbsBlue was achieved.

During the exposure process, periodic measurements
were conducted. Based on our experimental findings,
measurements every 5 minutes during the first 20 min-
utes of exposure and every 10 minutes thereafter proved
sufficient. Once the target level of dAbsBlue change was
reached, the sample was stored in a light-free environ-
ment for 24 hours. The following day, the sample was
prepared for evaluation by the sensory panel.

2.11 Triangle Test

The triangle test is a technique for determining wheth-
er there is a detectable difference among two products
due, for example, to changes in processing, inappropriate
storage, etc. The method is a forced-choice procedure, i.e.,
the assessor must decide even if he/she is not sure about
the decision. During the test, each assessor is presented
with one different and two alike samples. All three sam-
ples are presented at once and tasted from left to right.
The six possible order combinations of samples must be
randomized across assessors, who should identify the
odd sample and record the answer. Details are described
in the ISO standard (ISO 4120:2021).

In triangle difference test, the probability p* of choos-
ing a correct answer by chance is 1/3 and the probability
of choosing an incorrect answer by chance is 2/3. If the
assessor can distinguish samples, the chance of respond-
ing correctly increases. This, from a statistical point of
view, leads to a one-sided test about p* where we test
whether the assessors respond by chance or not. More
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precisely, the null hypothesis is the statement that asses-
sors cannot distinguish between the presented samples
and respond by chance, i.e. p* = 1/3, and alternative hy-
pothesis is that p* > 1/3. The null hypothesis is rejected if
the number of correct responses is “large”.

Final decision is made either by comparing the test
statistic to a critical value or equivalently by evaluating
the corresponding p-value. In practice, the significance
level a (a-risk or Type I error) must be fixed first and ap-
propriate critical value C_, i. e. the minimal number of
correct responses out of the total number of N assessors
required to reject the null hypothesis with the risk a,
calculated. Table 1 presents exact critical values C_ cal-
culated using the binomialdistribution for a = 0.05 and
o = 0.01. Further, recall that the so-called p-value is the
maximum probability of obtaining a test result, assum-
ing that the null hypothesis is correct (assessors answer
by chance). A small p-value means that such an extreme
observed outcome would be very unlikely under the null
hypothesis. For more details, see Andél (1998) or Wass-
erstein (2016). The p-value of a correct answer by chance
in the triangle difference test can be calculated using the
formula

(3)

where N is the number of assessors and k is the num-
ber of those who gave the correct answer. The higher
the number k of correct answers from the assessors, the
smaller the resulting p-value. The p-value is compared to
o, and if it is smaller than a, we reject the null hypothesis
and conclude that the assessors are able to distinguish
between the tested samples.

Table 1  Critical values for a triangle test
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2.11 Process of Sensory Tasting

The panel sensory tastings were conducted in sufficient-
ly large and well-ventilated common premises at Charles
University between December 2022 and July 2023. Most
assessors were recruited through a call organized at the
Bude¢ dormitory, where the tests were held and promot-
ed via its social networks. Consequently, the majority of
participants were students and employees residing in the
dormitory, ranging from the age of 19 to 26.

To ensure comfort and minimize interference, a min-
imum two-meter distance was maintained between par-
ticipants, and windows in the tasting room were kept
open for air circulation. Each panel consisted of at least
six lay assessors, both men and women, without formal
training in beer sensory analysis. Participants were pro-
vided with basic information about the experiment’s ob-
jectives and instructions on identifying LSF. A protocol
was also distributed to record their assessments.

The beer samples were initially prepared and stored
in a separate room to prevent early exposure to odours
and then brought to the participants in the tasting room.
Each participant received three glasses of beer—two
identical, undamaged samples and one spoiled sample.
Following the triangle test procedure, participants were
tasked with identifying the odd sample. Samples were
presented one at a time, and participants were allowed
to sniff and taste them. After all assessments were com-
pleted, the collected protocols were analysed.

2.12 Recommended Guidelines for the Organizing

Panel Tastings of Photodegraded Beer
Based on the experience gained during our experiments,
we recommend adhering to the following guidelines when
organizing lay panel tastings of photodegraded beer:

e Provide lay assessors with basic information at the
start of the experiment. This should include the ob-
jectives of the study, instructions on identifying LSF,
key characteristics to focus on, and potential mislead-
ing factors.

e Prepare samples in a location separate from the tast-
ing room to avoid premature saturation of the air
with LSF.

¢ Ensure that all samples are at the same temperature
and served in opaque containers without beer foam.

¢ Close bottles immediately after pouring to minimize
odour release.

e Be aware that LSF quickly saturates the air. Even
in large, well-ventilated rooms, opening a bottle of
photodamaged beer can fill the air with LSF almost
instantly, which may interfere with the selection of
the odd sample. Good ventilation and open windows
throughout the tasting process are therefore essential.
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o Fatigue among lay assessors was observed after a sin-
gle tasting session, reducing their ability to distin-
guish beer accurately. For this reason, multiple tast-
ings in a row with the same panel are not advisable.

e Each 500 mL NRW bottle allows for the preparation
of up to nine samples. If more assessors are required,
several bottles must be used. In such cases, ensure
that the bottles have identical optical properties (e.g.,
AbsBlue absorbance) so that light degradation occurs
at the same rate during illumination.

3 Results and discussion

Our tests focused on optimizing the lay sensory panel and
identifying parameters that would ensure reliable and
relevant results. Throughout the experiments, numerous
sensory tastings were conducted to evaluate and refine
the sample preparation process, the experimental proce-
dure, and the preparation of assessors for the tastings.

3.1 Size of the Lay Sensory Panel

When testing for difference, the standard (ISO 4120:2021)
recommends using 24-30 assessors, whereas testing for
similarity requires to double that number. However, these
numbers are practically unattainable for our purposes,
as even large multinational corporations rarely have the
capacity to routinely employ panels of this size. For our
study, we set the significance level to a=0.05. According
to Table 1, the minimum number of assessors required
to reject the null hypothesis at this significance level in
a triangle test is four. Nevertheless, we do not recommend

Table 2 The influence of assessors’ fatigue

Additionally, we verified that one 0.5 L bottle degrad-
ed by light can produce test samples for a maximum of
nine assessors. Beyond this, the sample sizes become in-
sufficient for reliable sensory evaluation. As a result, we
organized sensory experiments with panels of six to nine
assessors. This setup is space-efficient, and the prepara-
tion of samples and evaluation of results can be managed
by a single individual. An additional advantage is that all
assessors evaluate the same set of samples.

3.2 Assessors’ fatigue

One of the main challenges in testing for the presence of
LSF is assessor fatigue. To investigate this, we conduct-
ed repeated tastings with the same panel during a single
session. Each tasting round was separated by a 10-min-
ute break, during which the tasting area was thoroughly
ventilated. Additionally, assessors were provided with
a neutralizing snack consisting of white bread rolls and
low-fat cheese.

The session was organized into three rounds. In the
first round, all assessors were presented with three sam-
ples of non-damaged beer. Following a 10-minute break
for ventilation and sensory neutralization, the second
round featured two non-damaged samples and one dam-
aged sample exposed to light for 30 minutes. After anoth-
er 10-minute break, the third round was conducted with
the same setup as the second: two non-damaged samples
and one light-damaged sample exposed for 30 minutes.
The results of these repeated tastings are summarized in
Table 2, which measures the degree of damage by the de-
crease in dAbsBlue, with individual columns presenting
the observed values for each round.

| round 1 round 2 ‘ round 3
illumination time (min) 0 (blind test) 30 30
change of dAbsBlue (a.u.) 0.0000 -0.0812 -0.0796
number of correct answers - 5 1
number of evaluators 7 7 7
p-value of the test - 0.0453 0.9415
significance of the test B suf'ﬁcient.to reject the null insufﬁcieljt to reject the null
hypothesis on a = 0.05 hypothesis on a = 0.05

such a small number of assessors, as the statistical pow-
er of the test becomes insufficient. Furthermore, Lawless
(2010) notes that in lay panels, up to one-fifth of mem-
bers may fail to detect differences and resort to guessing.
Therefore, we determined that the minimum number of
assessors necessary to achieve even a rough decision is
six. Generally, larger panels yield more reliable results.

The damaged samples used in the second and third
rounds were nearly identical, and previous experiments
confirmed that the level of damage was sufficient for
significant and detectable changes in the beer. While as-
sessors performed well during the second round, their
ability to correctly identify the damaged sample declined
in the third round. Many assessors reported in their oral
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feedback that their decisions in the third round were
made at random. Conversely, the ability to make accurate
decisions was maintained in the first round, where all
samples were undamaged, serving as a blind test. These
findings support the hypothesis that olfactory sensors
become quickly saturated at higher LSF intensities and
require a significant amount of time to recover.

3.3 Determining the degree of Light Degradation
detectable by Lay Sensory Panel

The degree of light degradation in beer samples is ex-
pressed as dAbsBlue. Smaller dAbsBlue values indicate
less pronounced differences between the light-damaged
and undamaged samples, making it more challenging for
assessors to identify the odd sample. To determine the
minimum dAbsBlue difference detectable by lay asses-
sors, we prepared beer samples with varying levels of
light damage, corresponding to different dAbsBlue val-
ues, and presented them to a sensory panel.

The process began with measuring the initial AbsBlue
value of each beer sample prior to light exposure. The
samples were then illuminated until the desired decrease
in dAbsBlue was achieved, which was confirmed through
three repeated measurements. Samples with defined lev-
els of light damage were subsequently presented to the
sensory panel following the triangle test protocol. The
sensory panel included 15 groups of lay assessors, with
a minimum of six participants in each group.

The results of the tastings, summarized in Table 3,
revealed a clear relationship between the degree of light
damage and the ability of lay assessors to identify the
odd sample. At low dAbsBlue levels, correct identifica-
tions were close to random guessing, whereas at higher
levels of light damage, the accuracy of identification sig-
nificantly increased.

3.4 Absorbance development 000
curves

Figure 2 shows the development

curves of the absorbance value of 00

the samples (dAbsBlue) during

illumination (light degradation)

dAbsBlu (AU)

in the illuminator. In Figure 2
we see that according to our as- 010
sumption and previous measure-
ments, see Gabriel et al. (2022b),
the light degradation increases
and AbsBlue decreases with the 016
time of illumination of the sam-
ple. The final values of the change
in dAbsBlue absorbance after
50 min and 120 min of illumina-

tion are marked with arrows. From the measured curves,
we determined the resulting dAbsBlue values at the end
of the illumination of all individual samples. The stand-
ard deviation of the repeated measurement of illuminat-
ed samples was +0.003 AU, the standard deviation of the
resulting dAbsBlue values was +0.004 AU.

The absorbance development curves for individual
samples within the measurement error overlap, and the
light degradation takes place with the same intensity for
all samples. This confirms the fact that the samples se-
lected for light degradation are almost identical, and at
the same time of illumination, the samples are equally
degraded.

Figure 2 illustrates the development curves of ab-
sorbance values (dAbsBlue) for the samples during illu-
mination (light degradation) in the illuminator. As antic-
ipated and consistent with previous measurements, see
Gabriel et al. (2022b), light degradation intensifies, and
AbsBlue decreases with increasing illumination time. The
final dAbsBlue changes after 50 minutes and 120 min-
utes of illumination are highlighted with arrows in Fig-
ure 2. From the measured curves, the resulting dAbsBlue
values at the end of illumination were determined for all
individual samples. The standard deviation of repeated
measurements for illuminated samples was +0.003 AU,
while the standard deviation of the resulting dAbsBlue
values was +0.004 AU.

The absorbance development curves for individual
samples overlap within the measurement error, indicat-
ing that light degradation occurs with the same intensity
across all samples. This confirms that the samples select-
ed for light degradation were nearly identical, and at the
same illumination time, all samples exhibited uniform
levels of degradation.

-0.101 AU
-0.140 AU

—e—3min

dAbsblue(50min)
dAbsblue(120min)

—e—15min
30 min

50 min

—8—120 min

40 60 80 100 120 140

lllumination time (min)

Figure 2 Development curves showing the absorbance values of the samples (dAbsBlue)
during illumination (light-induced degradation) in the illuminator. The final
changes in dAbsBlue absorbance after 50 and 120 minutes of illumination are

indicated with arrows.
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3.5 Results of Sensory Testing

Table 3 summarizes the results of sensory tests and sam-
ple analyses. The illumination time, decrease in absorb-
ance (dAbsBlue), and decrease in RF content (dRF) char-
acterize the extent of light degradation in the sample. The
number of evaluators (N) and the number of correct an-
swers (k) are outcomes of the triangle sensory tests. The
p-values were calculated from the test results (k and N)
using Equation (3). Consistent with our assumptions
and previous measurements, see Gabriel et al. (2022b),
the decrease in absorbance (dAbsBlue) strongly corre-
lates with the decrease in RF content (dRF), with a high
squared correlation coefficient (R?=0.98).

Figure 3 illustrates the dependence of the p-value
from the triangle sensory test on the light degradation
of the sample, characterized by the decrease in absorb-
ance (dAbsBlue). As shown in Figure 3 and Table 3, the
p-values of the triangle sensory tests decrease as the ex-
posure time in the illuminator increases. This reflects the
practical observation that sensory panels can detect beer
degradation at higher levels of light exposure (larger
absorption changes) but are unable to differentiate be-
tween samples when the exposure time is short (smaller
absorption changes). This relationship is statistically sig-
nificant at commonly used significance levels.

ing an excellent correlation. This result suggests that the
ability of lay evaluators to distinguish between damaged
and undamaged beer samples improves as the level of
damage to the beer increases. Figure 3 illustrates the fit-
ted curve and its intersection with a p-value of 0.05 at an
absorbance value of 0.08 AU.

The error bars in Figure 3 represent the change in
the p-value if the number of evaluators providing cor-
rect answers (k) in the sensory test were to vary by +1.
It is important to note that these intervals are signifi-
cantly influenced by the relatively small size of the sen-
sory panel.

The change in AbsBlue during the light degradation
of beer is dependent on the optical path of the beam
through the bottle. When comparing different types of
beer, it is necessary to normalize the values to a unit op-
tical path for accurate comparisons.

The primary limitation of our study is the relative-
ly small number of participating assessors, which may
reduce the reliability of the statistical results. This lim-
itation arose from challenges in sample preparation
and volunteer recruitment. Figure 2 demonstrates that
absorbance measurements using the Colorturb device
allow for the selection of nearly identical bottles within
a batch and the preparation of samples with consistent

Table 3 Results of sample analyses and triangle sensory panel tests with corresponding p-values

| Panel test 1 ‘ Panel test 2 ‘ Panel test 3 ‘ Panel test 4 ‘ Panel test 5 ‘ Panel test 6

time of illumination (min) 3 10 18 30 50 120
change of absorption dAbsBlue (AU) | 0.022 +0.004 | 0.044 +0.004 | 0.060 + 0.004 | 0.081 + 0.004 | 0.101 + 0.004 | 0.140 + 0.004
change of RF content dRF (mg/I) 0.028 £ 0.004 | 0.068 +0.010 | 0.075+0.011 | 0.117 +£0.026 | 0.151 +0.022 | 0.204 + 0.030
N (number of evaluators) 6 6 6 7 9 7
the correct amawen 3 4 : 5 ; ;
p-value 0.320 0.100 0.100 0.045 0.042 0.007
Using a 95% confidence level
(p-value < 0.05) as the threshold 2 2
for significant confirmation of the 8 3
panel’s ability to distinguish be- Z E
tween light-degraded samples, we s é é
can conclude that the panels suc- % ;:3 j:% o
cessfully detected beer degrada- b ) N o
tion when the decrease in absorb- o
ance exceeded 0.08 AU. o
Our analysis involved fitting o1
an exponential curve to the p-val- o016
ues to model their dependence ’ ” b N (nion) 100 h h

on the increase in dAbsBlue. The
fit achieved an R?=0.98, indicat-

Figure 3 Dependence of the p-value of the result of the triangle sensory test on the degradation

of the sample due to light, characterized by a decrease in the absorbance of dAbsBlue.
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levels of light degradation. This capability enables senso-
ry tests with a larger number of assessors, which would
improve the precision in determining the threshold for
assessors’ ability to differentiate between damaged and
undamaged beer samples.

4 Conclusions

In our study, we employed a lay sensory panel to evaluate
the degree of light degradation in beer, as the majority
of beer consumers are non-professional assessors. The
primary objective was to determine the level of light deg-
radation that lay assessors can reliably distinguish.

We focused on the triangle sensory test with lay as-
sessors and identified parameters necessary to ensure
meaningful results. Our findings indicate that a minimum
of six assessors is required for at least a rough decision.
With a 95% confidence level, we concluded that, for the
beer tested, sensory panels were able to detect beer
degradation when the decrease in absorbance exceeded
0.08 AU in a bottle with an optical path of 5 cm. By fitting
an exponential curve to the p-values, we achieved an R?
value of 0.98, reflecting an excellent fit. This result sug-
gests that the ability of lay assessors to distinguish be-
tween damaged and undamaged beer samples improves
as the extent of damage increases. While the precision of
individual sensory panels of six to nine assessors is lim-
ited, our experiments demonstrated that repeated pan-
el evaluations yield statistically significant results. The
threshold for distinguishing damaged from undamaged
beer could be determined more accurately by conducting
more tastings with larger panels.

Since the sensory panel assessed only the differences
between samples and not the presence of MBT, it was es-
sencial to ensure that the samples were sensory identical.
Therefore, determining the homogeneity of key parame-
ters, such as TIPO (Total International Pale Lager Original),
within the tested batch is recommended to maintain con-
sistency. When measuring absorbance directly in a bot-
tle, the Colorturb device enables a selection of samples
with identical optical properties, preparation of multiple
samples with consistent light degradation, and an execu-
tion of sensory tests with larger panels. Future research
should aim to establish the thresholds for light degrada-
tion, changes in sample absorbance, and corresponding
RF content decreases that lay sensory panels can detect
across various beer types and brands. We are currently
preparing experiments to replicate this approach with dif-
ferent types of Czech beers, with the primary goal of ver-
ifying that changes in sample absorbance and RF content
are reliable markers of light degradation in beer.
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Regarding practical applications, it would be valuable
to compare the development of accelerated light damage
with natural light damage under typical household condi-
tions. Such comparisons could enhance our understand-
ing of how light damage occurs in domestic environments
and inform about potential methods for its prevention.

5 Acknowledgments

The work of the first author was funded by the MFF UK
SFG grant. The work of the second author was enabled by
the Ministry of Agriculture of the Czech Republic, insti-
tutional support No. MZE-R01918. The work of the last
author was partially subsidized by the GACR 23-05737S
grant. The authors thank Professor P. Sladky for his en-

couragement and valuable comments.

6 References

Andél, J. (1998). Statistické metody. Matfyzpress, Praha, Ceska republika.
ISBN 80-85864-27-8

Cejka, P, Ol3ovska, J. (2015). Use of Sensory Analysis in Marketing. Kvasny
Prumysl, 61(2), 38-45. https://doi.org/10.18832/kp2015006

Gabriel, P, Dienstbier, M., Fous, K., Matoulkova, D. (2022a). Characteriza-
tion of packaging ability to protect beer from light degradation and
introduction of a new Packaging Riboflavin Index. Kvasny Prumysl,
68(5), 679-685, https://doi.org/10.18832 /kp2022.68.679

Gabriel, P, Skoda, J., Bene$ova, K., Matoulkova, D. (2022b). Direct de-
tection of beer photodegradation in commercial bottles and intro-
duction of a new Lightstruck Flavor Susceptibility Index. Kvasny
Prumysl, 68(6), 656-662. https://doi.org/10.18832 /kp2022.68.656

Gabriel, P, Sigler, K. (2018). A device monitoring the turbidity and color
changes of beverages directly in bottled samples. Kvasny Prumysl,
64(5), 224-232. https://doi.org/10.18832/kp201831

Hucker, B., Wakeling, L., Vriesekoop, F. (2011). The quantitative analysis
of thiamin and riboflavin and their respective vitamers in ferment-
ed alcoholic beverages. Journal of Agricultural and Food Chemistry,
59(23), 12278-12285. https://doi.org/10.1021/jf202647x

International Standard ISO 4120:2021. Sensory analysis — Methodology
— Triangle test. ISO, Geneve.

Irwin, AJJ., Bordeleau, L., Barker, R.L. (1993). Model Studies and Flavor
Threshold Determination of 3-Methyl-2-Butene-1-Thiol in Beer.
Journal of the American Society of Brewing Chemists, 51(1), 1-3.
https://doi.org/10.1094/ASBCJ-51-0001

Lawless, H.T, Heymann, H. (2010). Sensory evaluation of food.
Springer, New York, USA. ISBN 978-1-4419-6487-5, https://doi.
org/10.1007/978-1-4419-6488-5

Lintner, C. (1875). Lehrbuch der Bierbrauerei. Verlag Vieweg und Sohn,
Braunschweig, Germany, p. 343.

0’Mahony, M. (1986). Sensory Evaluation of Food (1st Edition). CRC Tay-
lor&Francis, Boca Raton, USA. e[SBN 9780203739884, https://doi.
org/10.1201/9780203739884

Pozdrik, R., Roddick, F, Rogers, P, Nguyen, T. (2006). Spectrophotometric
method for exploring 3-methyl-2-butene-1-thiol (MBT) formation
in lager. Journal of Agricultural and Food Chemistry, 54(17), 6123~
6129. https://doi.org/10.1021/jf060515v


https://doi.org/10.18832/kp2015006
https://doi.org/10.18832/kp2022.68.679
https://doi.org/10.18832/kp2022.68.656
https://doi.org/10.18832/kp201831
https://doi.org/10.1021/jf202647x
https://doi.org/10.1094/ASBCJ-51-0001
https://doi.org/10.1007/978-1-4419-6488-5
https://doi.org/10.1007/978-1-4419-6488-5
https://doi.org/10.1201/9780203739884
https://doi.org/10.1201/9780203739884
https://doi.org/10.1021/jf060515v

R. Kralik et al.

Kvasny prumysl (2024) 70: 967-976

Sakuma, S., Rikimaru, Y., Kobayashi, K., Kowaka, M. (1991). Sunstruck fla-
vor formation in beer. Journal of the American Society of Brewing
Chemists, 49(4), 162-165. https://doi.org/10.1094 /ASBCJ-49-0162

Templar, J., Arrigan, K., Simpson, W.J. (1995). Formation, measurement
and significance of lightstruck flavor in beer: A review. Brewers Di-
gest, 70, 18-25.

976

Wasserstein, R.L., Lazar, N.A. (2016). The ASA’s Statement on p-Values:
Context, Process, and Purpose. The American Statistician, 70(2),
129-133. https://doi.org/10.1080/00031305.2016.1154108


https://doi.org/10.1094/ASBCJ-49-0162
https://doi.org/10.1080/00031305.2016.1154108

	_Hlk153982204

