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Abstract: Consumption of non-alcoholic beer (NAB) is continuously increasing in many
countries. NABs are produced with varying technologies, resulting in different sensory
properties. Previous studies have focused on understanding the consumers” acceptance
and preferences among different types of NAB. However, few studies have focused on the
sensory characterization of commercial NABs produced with different methods. This study
aimed to find key sensory characteristics in lager, Indian pale ale, and pilsner-type NABs
with untrained panels by conducting tests in Finland and China. Participants were asked
to Check-All-That-Apply for odors and Rate-All-That-Apply for flavors. Additionally,
hedonic responses to odor and flavor pleasantness were rated. Chinese participants used
more different and more often-used attributes to describe NABs. More varying descrip-
tors were used on the NAB samples chosen as the most pleasant ones, indicating more
complex sensory properties. Participants from both locations preferred lager-type beers
characterized as ‘fresh’ odor and ‘fruity’, ‘floral’, and ‘sweet’ flavors and less frequently
found Indian-pale-ale-type NABs pleasant, describing them as ‘sour’, ‘bitter’, ‘fermented’,
and ‘pungent’ flavors. The flavor pleasantness correlated more with the samples frequently
chosen as the most pleasant than odor pleasantness. No clear connection was found be-
tween the production method of NAB and consumers’ acceptance, demonstrating that all
production methods can be used to produce non-alcoholic beers with sensory properties
acceptable to consumers.

Keywords: Check-All-That-Apply; consumer preference; hedonic response; non-alcoholic
beer; Rate-All-That-Apply; sensory properties

1. Introduction

Consumption of non- and low-alcoholic beer (NAB) has increased in many coun-
tries [1], especially within the younger generations [2—4]. Consumers are increasingly
concerned about their health and potential harmful impact caused by alcohol consumption.
High consumption of alcohol may cause a reduction in lifespan through various diseases,
such as cancer, liver cirrhosis, and cardiovascular disease [5]. The European Union (EU)
defines NABs as containing 0.5% or less alcohol by volume (ABV) [6]. The attraction
towards NABs increases, as they are suitable for consumers with limitations to consuming
alcohol due to religion, lower tolerance to alcohol, pregnancy, or need to drive a car or other
motorized vehicle. In addition, NABs contain less calories compared to regular alcoholic
beer [7]. In Finland, the consumption of NABs increased by 10.2% in 2020 only, illustrating
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well the interest of Finnish consumers towards NABs. At the same time, the consumption
of alcoholic brewed beverages decreased by approximately 3% [8]. Furthermore, in the EU
region, the consumption of NABs has doubled between 2013 and 2019 [6].

Since 2002, China has been the largest market for beer in the world. For example,
only in 2021, the annual consumption of beer was 45.7 billion liters in China. China is
also the largest producer of beer [9] and, in the 2023, the sixth biggest beer importer [10].
Compared to heterogenous European beer taste profiles containing both typical light lager
beers and crafted Indian pales ales (IPAs), Chinese beers are generally homogenous groups
of mild-tasting pale lagers with lower alcohol content compared to European beers [11].
However, the preferences by Chinese consumers have shifted more towards craft beers,
such as IPAs, and high-end products, and they are purchasing more premium beer over
less expensive mass-produced beers. At the same time, non-alcoholic beers represent an
emerging trend in Chinese beer markets [9].

NABs are more often purchased by consumers in better socioeconomic prospects, such
as higher levels of education and income [12,13]. For example, studies conducted between
2017 and 2018 in Finland showed that NAB is more likely bought by older people or men
than younger people and women [13]. However, in the United Kingdom, NABs are more
likely purchased by younger age groups [12]. NAB consumers most likely want to enjoy
the flavor of beer without the harmful effects of alcohol. In addition, NAB consumers are
more likely to have a healthy lifestyle in addition to decreasing alcohol consumption [14].
Negative and limited conceptualizations of NAB can affect the consumption rates: NAB is
still often seen more as a substitute than a primary product, and their sensory properties
can surprise consumers positively when consumed [15]. Furthermore, NABs arouse neutral
to negative emotions, such as disappointed, rational, and conscious, in contrast to regular
beer, which evokes highly positive emotions, such as energetic and adventurous [16], and
even the label NAB can decrease the intensity of positive emotions usually perceived from
beers [17]. Sensory properties of NAB are reported to be more negative, such as watery and
bland, compared to the alcoholic counterparts, resulting in decreased liking of NABs [14].

The dealcoholizing production method affects the sensory properties of the final
NAB products. Currently used methods can be roughly divided to physical (e.g., vac-
uum evaporating and reverse osmosis) and biological (e.g., interrupted fermentation,
low-ethanol-producing yeast) methods based on the processed used to reduce the alco-
hol content [18-23]. All physical methods for removing alcohol have been reported to
significantly decrease the content of volatile compounds, which are important for sen-
sory properties [22]. The perceptible properties of NABs can be improved by restoring
the aroma compounds after distillation, adding natural aromas or dry hopping after the
ethanol removal [24]. Biological methods may cause wort flavor, a high diacetyl content,
and a bready, grain-like, and sweet taste [19,25]. Bauwens et al. (2021) [25] studied alcoholic
pale lager beers and their non-alcoholic counterparts with chemical analyses and sensory
tests. They reported higher volatile compound contents in alcoholic beers and different
sensory properties compared to their NAB counterparts. In addition, NABs were sweeter
and discriminated by the production methods.

Check-All-That-Apply (CATA) asks participants to select all the appropriate sensory
attributes describing the sample from the given list of words or phrases. CATA is a simple
and quick way to gather information about sensory characteristics from consumers [26,27],
and the method has become very popular in research [26,28]. CATA questions have been
recently used to describe the non-alcoholic beers [14,29-31]. However, these publications
only focused on consumers from one cultural background (American, Canadian, Spanish,
respectively), and they studied many different NAB types or only lager types, respectively.
CATA provides results in a binary format, as samples either have or do not have a certain
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characteristic. The data are typically summarized using contingency tables (shown typically
with percentages) and assessed using non-parametric statistical methods, such as Cochran’s
Q test or McNemar’s test, or multivariate models, such as Correspondence Analysis,
presenting sensory maps of samples and CATA attributes. In consumer studies, CATA
questions are typically included together with hedonic liking ratings, and the data can be
combined to identify the drivers of liking and /or disliking, e.g., in partial least squares (PLS)
regression or principal component analysis (PCA) models. Despite their simplicity, CATA
questions may accurately discriminate samples, and consumers are capable of accurately
describing sensory characteristics of food using CATA terms, and eventually they may
provide similar results as descriptive analyses by trained sensory panels [26]. On the other
hand, the binary format of the CATA questions may provide concerns. They may not be
suitable for discrimination of samples based on their sensory attributes that have very
high or low intensities [32] or are generally very similar [33]. Additionally, the obtained
frequency data cannot be directly used to measure intensities of the attributes [34]. The
Rate-All-That-Apply (RATA) questions have been since introduced as a variant of CATA
and gained popularity [26]. In RATA, the selected attributes are rated on a given scale,
and the RATA questions can be used to discriminate the samples [27]. RATA questions
have recently been used to characterize wheat beers [35] and beer body [36], but it has not
been used to characterize NAB. RATA can even increase the amount of chosen sensory
attributes in comparison to CATA [37]. Both methods have been shown to provide similar
conclusions about the differences and similarities among samples [38]. Unlike CATA, RATA
provides quantitative data, which may be more reliably linked to other factors measured
on scales, such as liking ratings. Whereas in both cases, attention should be paid to the
design of the attribute lists to include sufficient variety of relevant attributes in randomized
order. Terms positioned at the beginning of the lists are typically more easily found and
frequently selected, whereas too-short attribute lists may result in decreased discrimination
and too-long lists result in decreased attention to all terms by the participants [26].

The cultural background of the consumer influences the food choices and adjusts their
taste perception and preferences. All these will affect how much they consume certain food
products or beverages [39]. Preference of the beer style can be affected by locally developed
beers in some countries due to limited availability of other beers. [17] The lager-type beers
are the most produced and distributed beers by the multi-national brewing companies, and
IPAs are popular craft beers. However, beer consumers from different cultural backgrounds
may prefer different beer types, and, thus, they may also prefer similar NABs. This study
aimed to identify the key sensory characteristics of NABs by conducting sensory tests with
untrained panels in Finland and China. In China, sensory tests were conducted in two
locations, in a university and in a local bar. This study focused especially on lager- and
IPA-type NABs produced with different dealcoholizing or fermentation methods. To our
best knowledge, this is the first study focusing on the characterization of commercial NABs
with participants from two different beer consumption countries, Finland and China. In
addition, this study aimed to study and compare the perceptions and liking of NABs by
the Chinese and Finnish consumer panels. The studied NABs in the sensory tests were
designed to include three beer types (lager, IPA, pilsner), aiming to cover the most common
NAB types in Finnish supermarkets. CATA and RATA methods were chosen for the sensory
tests to provide rapid characterization of the concept products [27,37].

2. Materials and Methods
2.1. Non-Alcoholic Beer Samples

Commercially available NABs were purchased from the local supermarket or ordered
online. For consumer tests in Finland and China, six NABs were selected from 30 commer-
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cial NABs by the chemical composition and the production methods. The NAB samples
included four lagers (L), two Indian pale ales (IPA), and one pilsner (P; Table 1). One lager
sample (L3) used in the Finnish consumer test was not available for the Chinese consumer
test, and it was replaced with a Chinese lager-type NAB (L17).

Table 1. Non-alcoholic beer samples used in the studies.

Production Additional oy » Carbohydrates "
Sample Type Type 2 Ingredients * Alcohol (%) (/L) * Sugars (g/L)
Indian Pal
IPA1 ndlirlle ae VE Hop extract 0.3 59 13
IPA6 Indian Pale RO 0.3 31 1
Ale
L3b Lager FE Natural 03
flavoring
L5 Lager FE Unfiltered, 0.0 56 28
hop extract
Natural
L7 Lager VE flavoring, hop 0.0 48 13
extract
L17° Lager VE Rice 0.5 32
P1 Pilsner RO 0.3 25 1
* Values reported by producers; * VE: vacuum evaporated, RO: reverse osmosis, FE: fermentation method/altered
fermentation; ® L3 was only included in FI test, L17 was only included in CH tests.
2.2. Participants in the Tests
Three consumer tests were conducted in 2023 and 2024. The detailed information
on the participants are presented in Table 2. First one was carried out in Finland with
Finnish consumers, the second and third ones were performed in China with two different
participant groups. Recruitment criteria for the study held in Finland were that 50% of
participants consumed NABs on a regular basis, 50% were regular beer users, and 50%
of participants were between the age of 25 of 40 years and 50% between 46 and 55 years.
Recruiting of consumers, data collection, and handling were carried out by Aistila Oy
(Turku, Finland).
Table 2. Characteristics of participant groups in consumer tests arranged in Finland and China.
Age Gender Consumption (%)
Country Abbrev. Participants Range Mean Median Clulster Cluzster Male Female  Other Tried? I“‘E’e“ V&‘:‘:]‘flcy \/]\;::lr(}iy
Finland FI 77 2555 397 39 2539 40-55 35 39 3 96 n/a 23 n/a
China  CHI 70 1929 233 235 23 47 32 87 26 n/a
China  CH2 44 2744 37 37 27-35 3644 2 22 66 100 23 93

a Have tried NAB before; P Is interested in consuming NAB; ¢ Consumes NAB at least once a week; d Consumes
regular beer at least once a week.

The first study in China was carried out in Beijing Forestry University at College
of Biological Sciences and Biotechnology (Beijing, China). The participants of this study
were recruited from the students and staff members of Beijing Forestry University. The
second study in China was conducted in a local bar in Beijing (China). The recruitment
was performed by Beijing Zhongxin Zhicheng Business Consulting Co. (Beijing, China).
The recruitment criteria for the Chinese group 2 were for participants to be regular beer
drinkers, having 50% females and 50% males with the age range between 25 and 44 years.

All participants received written information about the study and then gave their
written informed consent before participation. The present study was performed according
to the principles established by the Declaration of Helsinki. The protocol of non-alcoholic
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beers conducted in Finland was approved by the Ethical Committee of the University
of Turku (nr. 58/2022; approved 14 December 2022) for the consumer test conducted
in Finland and by the Human Study Ethics Committee of Beijing Forestry University
(BJFUPSY-2024-051; approved 13 August 2024) for the consumer test in China.

2.3. Sensory Tests in Finland and China

Three separate sensory characterization tests of NABs were carried out using untrained
panels. To characterize NAB, the CATA method was used for odors and the RATA method
for flavor intensities [35]. The CATA attribute list consisted of 19 descriptors for odors,
and the RATA attribute list consisted of 20 descriptors for flavors presented on one page
(Finland) or two descriptors side by side in ten rows (China) and in fixed order for all
samples and panelists (Table S1). RATA was performed in nine-point intensity scales
(categories from very mild to intense). Attributes on the CATA /RATA lists were based
on the descriptive analysis and existing literature-related sensory properties of beers [40].
In each test, the participants were asked to rate the pleasantness and intensity of odor
of samples in seven-point hedonic pleasantness scale (categories from 1 very unpleasant,
4 neither unpleasant or pleasant, and 7 very pleasant) and nine-point intensity scale
(categories from very mild to intense), respectively, continuing to rate pleasantness of flavor
in seven-point hedonic pleasantness scale (categories from 1 very unpleasant, 4 neither
unpleasant or pleasant, and 7 very pleasant).

The questionnaires for the sensory evaluations were created with Compusense soft-
ware (version 23 in Finland and 24.0.26998 in China, Compusense Inc., Guelph, ON,
Canada), and the data were collected in Finnish in Finland and in Chinese in China using
the software. The samples (six/study) were presented to the participants all at the same
time in randomized order with three-digit random codes on the sample cups. The par-
ticipants were instructed to examine the samples in the given order monadically, rate the
pleasantness of odor and flavor and the intensity of the odor, and then select all possible
CATA /RATA descriptors in the sample. Additionally, the participants were instructed to
drink water to rinse their mouths between the samples. Sensory tests were organized in
controlled laboratory conditions in individual sensory booths at the University of Turku,
Finland, or at the Beijing Forestry University, China, and the second sensory test with
Chinese participants was organized in a local bar in Beijing.

2.4. Statistical Analysis

The results from ANOVA using Tukey’s test of pleasantness ratings and the intensity
differences in RATA, and the results from Cochran’s Q test of CATA were collected from
Compusense standard report. IBM SPSS Statistics 28.0 (IBM Corporation, Armonk, NY,
USA) was used to conduct an independent sample t-test. The independent sample t-test
was conducted to see if there were significant differences in pleasantness of odor and
flavor and odor intensity between each group and between the consumption clusters in
each group. Principal component analyses (PCAs) were used to study the correlations
between CATA attributes (citation rates by the consumer groups) and samples (n = 6 and
one model containing all samples from these studies, n = 18). The PCA was chosen over
correspondence analysis because the ratings of odor and flavor pleasantness, odor intensity,
and the frequency of choosing samples as the most pleasant sample were included in the
multivariate analysis.
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3. Results

3.1. Sensory Descriptors of NAB
3.1.1. Characterization of NAB with Check-All-That-Apply

Summed-up citation rates for each evaluated NAB sample also showed differences
between consumer groups (Table S2), although all consumer groups had most often de-
scribed the odor of IPA6 (FI 4.29, CH1 4.89, CH2 4.33), which also had the most intense and
pleasant odor (Table 3). CH groups chose “Fresh”, “Citrus”, “Fruity”, “Floral”, and “Sweet”
odor descriptors to describe IPA6 more often than the FI group (Table 52). However, CH1
also least often described the flavor of IPA6 (4.17), whereas CH2 most often described the
flavor of IPA6. FI and CH1 had the most often characterized flavor of the sample, which
was not included in the other groups’ evaluations, but CH2 had described IPA1 most often.
Finally, all groups characterized least often the flavor of P1 sample.

Table 3. Odor and flavor pleasantness and odor intensity rates (mean =+ standard deviation) by
Finnish, Chinese group 1, and Chinese group 2.

L54 L74 IPA14 IPA6 4 P14 L34 L174
FI2
Odor pleasantness ° 41+15¢ 42+15¢ 45 £ 1.52%b¢ 52+£13°? 42+14b  49+16% n/a
Odor intensity © 46+18P 484+17° 50+ 18P 624142 43+18P 594172 n/a
Flavor pleasantness b 43+14°2 47+12°% 414+14°2 29+1.6° 344+14Pb 454142 n/a
Most pleasant sample (%) 17 27 13 4 1 38 n/a
CH1?
Odor pleasantness P 424+16° 474+13% 434+18P 55+ 14° 46+12° n/a 46+12°
Odor intensity © 55+ 1.7 50+19P 6.1+1.72 6.0+1.82 55+193 n/a 40+1.6°¢
Flavor pleasantness P 404190 44414° 31+ 164 294154 33415 n/a 53+14°
Most pleasant sample (%) 19 16 9 4 6 n/a 46
CH2?
Odor pleasantness b 47 +1.2 51+1.1 50+14 52+14 51+1.1 n/a 54+1.0
Odor intensity 62414 58+ 1.7 63+15 6.4+ 17 63+ 13 n/a 56+ 1.8
Flavor pleasantness ° 494+11% 51411 48+15P 464140 46+12° n/a 56+£11°
Most pleasant sample (%) 11 14 16 9 16 n/a 34

2 Number of panelists rating the attribute were FI (Finnish) n = 77, CH1 (Chinesel) n = 70, CH2 (Chinese2) n = 44;
b Odor intensity was rated on 7-pt scale, 1 very mild, 7 intense; ¢ Pleasantness of odor and flavor were rated on
9-pt scale, 1 very unpleasant, 9 very pleasant; ¢ Values are presented as average values + standard deviation;
¢ Same letter in a row indicates significant difference calculated by ANOVA using Tukey’s test.

The four most used odor descriptors were ‘Sweet” (summed-up citation rate 1.68),
‘Fruity’ (1.56), ‘Citrus’ (1.25), and ‘Fresh’ (1.21) within FI; ‘Hops’ (2.77), ‘Fermented’ (2.37),
‘Malt’ (2.17), and ‘Fruity” (1.88) within CH1; and ‘Hops’ (2.9), ‘Malt’ (2.27), ‘Fermented’
(1.93), and ‘Fresh’ (1.66) within CH2 (Table S2). The most used flavor descriptors were
‘Bitter” (2.22), ‘Sour’ (1.61), ‘Hops’ (1.38), and ‘Fruity’ (1.2) within FI; ‘Bitter” (3.22), ‘Hops’
(2,77), ‘Green’ (2,69), and ‘Sour” (2.42) within CH1; and ‘Hops’ (2.88), ‘Fermented” (2.11),
‘Malt’ (2.08), and ‘Sour’ (1.93) within CH2.

Seven principal component analysis (PCA) models were constructed with the results
of odor and flavor pleasantness, odor intensity, frequency of selection as the most pleasant
sample, and citation rates (Figures 1 and Sla—e). The first two PCs of the PCA constructed
with all CATA descriptors (n = 40) and the samples used in all consumer tests (n = 18) ex-
plained 51% of variance (PC1 31% and PC2 20%, Figure 1). Odor pleasantness and intensity
are positively correlated with IPA6 samples described by Chinese participants (CH1 and
CH2), whereas IPA6 described by Finnish consumers (FI) is more correlated with ‘Metallic’,
‘Pungent’, and ‘Roasted’ flavors. ‘The most pleasant sample’ is positively correlated with
many variables, such as ‘Grassy’, ‘Neutral’, and ‘Fruity’ odors and ‘Smooth’, ‘Sweet’, and
‘Fruity” flavors. Furthermore, flavor pleasantness is also positively correlated with the
sample chosen most frequently as the most pleasant sample (L3 and L17), indicating flavor
pleasantness to be important property in pleasantness of NAB.
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Figure 1. Principal component analysis based on the citation rates from check-All-That-Apply (CATA)
descriptors used to characterize non-alcoholic beer samples in three sensory tests (Table 2). Scores
and loading plots for samples (n = 18) and variables (n = 40) studied in all sensory tests (blue: Finnish
participants FI, green: Chinese group 1 CH1, red: Chinese group 2 CH2). L: lager, IPA: Indian pale
ale, P: pilsner, O_: odor attribute, F_: flavor attribute, F/O_: Pleasantness flavor or odor ratings for
pleasantness (Table 3), Pleasant_: frequency of sample chosen as the most pleasant sample. Orange,
purple, and red ovals indicate grouping of variables.

All participation groups showed some similarities and differences in discrimination of
NABs. FI and CH1 discriminated NABs by their flavor more similarly compared to CH2:
lagers formed one group, and IPAs and pilsner formed another group (Figure S1b,d,f),
whereas CH2 did not show similar grouping. Interestingly, the CATA results of CH2
grouped L7, IPA1, and IPA6 together and L5 and P1 together on PC2, and L17 negatively
correlated with these two groups on PC1 (Figure Sle). In addition, CH2 has used different
descriptors with L5, P1, and L7 compared to CH1.

PCA models (Figure Sla—e) constructed with data collected from FI, CH1, and CH2
show the positive correlation of IPA6 and many sensory variables, such as ‘Roasty’, ‘Malt’,
and ‘Hops’, including both odor pleasantness and intensity. In addition, IPA6 is mostly
negatively correlated with other samples in all PCAs, indicating FI and CH1 have evaluated
it differently compared to other samples. Other samples were not as similarly described
in CATA by the participants from different countries. Two most differently rated samples
between FI and CH2 consumer groups were P1 and L7 based on the PCA (Figure 1).
Based on the evaluation by FI, P1 positively correlated only with few descriptors, such as
‘Metallic” and ‘Pungent’ odors, odor intensity, and ‘Honey’ flavor, whereas P1 as evaluated
by CH2 positively correlated with higher number of descriptors, such as ‘Grainy” and ‘Malt’
odors and ‘Alcoholic’, “‘Fermented’, and ‘Hops’ flavors. L7 as evaluated by FI positively
correlated some descriptors, such as ‘Fresh” odor and ‘Light’, ‘Neutral’, “Watery’, and ‘Floral’
flavors, whereas L7 in evaluation by CH2 positively correlated with “Yeast’, ‘Alcoholic’,
and ‘Fermented’ odors and ‘Green’ and ‘Malt’ flavors.

In the PCAs containing flavor descriptors (Figure S1b,d,f), L3 and L17 positively
correlated with the highest amount of flavor descriptors. Some of the descriptors are
generally thought as positive characteristics, such as ‘Fruity’, and ‘Floral’, but some can
be thought more as neutral, such as ‘Neutral’, or even negative, such as ‘Watery’. In
addition, L3 and L17 negatively correlated with the IPA6 sample in every PCA (Figure
Sla—f). Furthermore, all groups evaluated flavor of IPA6 as ‘Bitter’, ‘Metallic’, and ‘Pungent’
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(Figure S1b,d,f), which are generally thought as more negative characteristics. In addition,
IPA6 negatively correlated with the ‘Flavor pleasantness” and the ‘Most pleasant sample’ in
PCAs containing flavor descriptors (Figure S1b,d). Surprisingly, ‘Hops’ flavor negatively
correlated with both IPA samples in PC2 in PCA constructed with the responses of Chinese
participants (Figure S1d), whereas Finnish consumers described IPA6 with “‘Hops’ flavor.
Clear patterns between odor or flavor pleasantness or the most frequently chosen as the
most pleasant sample and certain descriptors can be observed from the PCAs constructed
with citation rates of odor or flavor descriptors from each participating group (Figure
Sla—f). The PCA models constructed with citation rates obtained from FI (Figure Sla,b)
showed a link between ‘Odor intensity” and ‘Sweet” odor and odor pleasantness. The PCA
models constructed with citation rates obtained from CH1 (Figure Slc,d) showed the link
between ‘Fresh’, ‘Citrus’, and ‘Floral” odor descriptors and the odor pleasantness. Finally,
the PCA models constructed with citation rates obtained from CH2 (Figure Sle,f) showed
a link between ‘Fresh” and ‘Honey’ odor descriptors and the odor pleasantness. Flavor
descriptors ‘Smooth’, ‘Floral’, and ‘Fruity’ are linked to flavor pleasantness by FI, ‘Smooth’,
‘Light’, and ‘Neutral’ by CH1 and ‘Light’, ‘Sweet’, and ‘Honey’ by CH2. The sample rated
as the most pleasant one is linked to ‘Floral’, ‘Fruity’, and ‘Light’ flavor by FI, ‘Sweet’,
‘Smooth’, and ‘Neutral’ flavors by CH1, and ‘Light’, ‘Sweet’, and “"Honey’ by CH2.

3.1.2. Discrimination of NAB with Rate-All-That-Apply

Statistically significant differences between samples rated by FI were observed in
seven RATA descriptors (Table S3), whereas only five were rated by CH1 and four rated by
CH2. ‘Fruity’ was the only descriptor, which was statistically different between the samples
for every group. The most ‘Fruity’ samples were L3 (FI) and L17 (CH1 and CH2). Even
though, IPA6 was rated as the most ‘Bitter’ sample by every group, it was not statistically
significantly different compared to other samples as rated by CH2. However, IPA6 was
statistically significantly more bitter than every other sample, except P1 by FI and P1 and
IPA1 by CHI. L3 and L17, the samples which were most often chosen as the most pleasant
ones, were the least bitter, sour, malty, and alcoholic samples, whereas they were the most
intensively fruity.

A PCA model was constructed using RATA intensity data obtained from all three
groups. Twenty flavor descriptors (‘Caramel” and ‘Nutty’ excluded) and flavor pleasantness
rate as used variables (n = 21) and NABs as samples (n = 18; Figure 2). Surprisingly,
samples are grouped differently than in the PCA model containing CATA data from all
three groups (Figure 1): here, FI and CH1 samples were not separated from each other, and
CH2 was grouped to the other side of loadings plot. RATA intensities showed a similar
pattern between certain descriptors and flavor pleasantness: ‘Fruity’, ‘Neutral’, ‘Floral’,
and ‘Smooth’ were linked to the flavor pleasantness on PC2 as they were also in the CATA
PCA (Figure 1). ‘Sweet’, 'Honey’, “Watery’, ‘Light’, and ‘Roasted” are correlating with the
samples most frequently chosen as the most pleasant ones by FI and CH1.
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Figure 2. Principal component analysis based on the intensities from Rate-All-That-Apply (RATA)
descriptors (n = 19) used to characterize non-alcoholic beer samples (n = 18) and the flavor pleasant-
ness of samples in three sensory tests (Table 2). Red: Finnish participants, green: Chinese group 1
participants, blue: Chinese group 2 participants. Orange and purple ovals indicate the grouping of
variables.

3.1.3. Effects of Production Method on Discrimination of NAB

PCA models constructed with CATA citation rates (Figure 1) and RATA (Figure 2) were
colored to better observe the effects of production methods on the discrimination of NAB
samples. The citation rates do not show clear difference between the production methods
(Figure S2), but the sample produced with reverse osmosis are all, except P1_FI, located on
the positive side of PC1, indicating some similarities between the samples. The intensities
obtained from RATA (Figure S2) showed also that the samples produced with reverse
osmosis were more similar to each other compared to other samples. CH2 was further
removed from the PCA data (Figure S3) because of clear difference on scale usage. In this
PCA (Figure S3), two L5 samples, produced with fermentation, were also located nearer to
each other, but still, they did not clearly separate from vacuum evaporation samples.

3.2. Acceptance Ratings of NABs

FI and CH1 rated IPA6 to have the most pleasant odor, whereas CH2 rated L17 with
the most pleasant odor. In addition, IPA6 was rated with the most intense odor by FI
and CH2, and the second most intense odor by CH1. However, IPA6 was rated as the
least pleasant sample regarding flavor by all participant groups. FI rated L7 to have the
most pleasant flavor, although it was only statistically significantly different compared to
IPA6 with the least pleasant flavor. Surprisingly, L7 was not chosen most frequently as
the most pleasant sample by FI: 38% of participants chose L3, and 27% chose L7 as the
most pleasant sample (Table 3). The sample pleasantness may have depended more on the
overall perception, because L3 was also rated with the second most pleasant odor, whereas
L7 was only the fifth based on the odor pleasantness ranking by FI. L17 was clearly rated
with the most pleasant flavor by CH1 and CH2, and it was also chosen most frequently as
the most pleasant sample by both CH groups: 46% chose L17 as the most pleasant sample
in CH1 and 34% in CH2 (Table 3). However, two Chinese participant groups were not in
agreement with the second most pleasant sample: CH1 rated L5 (19%) as the second most
pleasant sample, whereas CH2 rated both IPA1 and P1 (16%) as the second most pleasant
samples, and L5 was only the fifth most pleasant sample (11%). IPA6 was least frequently
rated as the most pleasant sample by all three groups.
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Pleasantness of Odor and Flavor Between Consumption Clusters

The FI group did show statistically significant difference in IPA6 and P1: the odor and
flavor pleasantness of IPA6 was rated higher by the FI participants, which consumed NAB
more often (Table S4). The CH1 group showed only few statistically significant differences
between the consumption groups: flavor pleasantness of L7 and the odor intensity of
P1 were rated more pleasant or intense, respectively, by the participants who consumed
NABs more often. CH2 showed only one statistically significant difference between the
consumption groups: the flavor pleasantness of IPA1 was rated more pleasant by the
participants who did not consume NABs so often or never.

Some differences were seen in the sample clustering in the PCAs constructed with the
CATA results (Figures 1 and Sla—e). The main difference was observed with the clusters in
PCA constructed with CH2 data (Figure Sle). The differences could have been caused by
the fact that participants in CH groups had different levels of experience with beer drinking.
However, the Finnish consumers were also either regular NAB drinkers or regular beer
drinkers, and the age range was more similar to CH2 than CH1 (Table 2), indicating that
the different rating of the samples in CH2 and FI due to cultural differences in the Finnish
and Chinese participants.

4. Discussion
4.1. Characterization of NAB with CATA and RATA

In our study, untrained panelists were able to discriminate NABs by using CATA.
CATA is a simple and quick way to gather information about sensory characteristics
from untrained consumers [27]. Consumers are able to use CATA terms accurately to
describe sensory characteristics of food, consumers are using CATA terms similarly, and
CATA results can show perceived difference in attribute intensity between the evaluated
samples [28]. The CATA and RATA lists were translated first to English, then to Chinese,
and translations were checked by two native Chinese speakers. However, translations of
scale anchors, such as dislike, good, very good, and verbal anchors of the 9-point hedonic
scale is difficult, because some languages do not have corresponding words, and may
mislead participants [41]. In addition, scale scores are known to be affected by the cultural
background: Asian participants have been reported to avoid expressing negative opinions
and extreme answers compared to European and American participants [42]. In our study,
CH2 participants used RATA scale scores differently compared to those of FI and CH1
(Figure 2). Scale usage differences may have been caused by the fact that the sensory test
was made in the bar. Nijman et al. [43] studied how two different consumption locations
(laboratory and bar) and evoked context effected on the hedonic preference of lager- and ale-
type beers. They observed that some of the beer consumers were more sensitive for location
change, and they evaluated beers differently based on the location [43]. Furthermore, RATA
results of FI included more statistically significant discrimination of NABs compared to
those of the CH results. Both anchor translations and use of scale score have been observed
to affect the response styles [41].

The summed-up citation rate of IPA6 was the highest by all the groups (Table S2). This
is most likely caused by the higher amount of hops used in IPA production [44]. However,
some of the summed-up flavor citation rates of lager-type NABs were higher compared to
IPAs. IPA NABs were evaluated as statistically significantly more bitter compared to lager
NABs, which may have suppressed other flavors.

Generally, CH1 and CH2 participants often chose more characteristics to describe
each NAB compared to FI. They used almost every odor and flavor descriptor more often
compared to the Finnish participants. Only ‘Floral’, “Earthy’, and ‘Roasty’ odors and
‘Floral’, “Watery’, ‘Pungent’, and ‘Light’ flavors obtained higher summed-up citation rates
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calculated from the responses of FI compared to either of the CH groups (Table S2). This
was also well seen in the descriptors used by the groups to describe the odor of IPA6:
PCA figure showed clear correlation between IPA6 and odor descriptors for FI and CH
groups (Figure 1). There were also some clear differences in types of descriptors used
by the participant groups. For example, ‘Fermented’, ‘Hops’, and “Alcoholic’ odors were
more often used by CH participants compared to the FI participants. In addition, only
the FI group showed clearly statistically significant difference in ‘Hops” odor between
IPA and lager beers. This phenomenon may have been caused by the differences in
conceptualization of the descriptor [45]. Kim et al. (2018) [45] observed that Korean,
Chinese, and Western participants described ‘nuttiness’ differently. However, they did
not observe difference in the intensity of nuttiness when it was evaluated from soy milk
by participants from different countries. Furthermore, the intensity of "Fruity” descriptor
was statistically significantly different between the samples in every group in our study.
The familiarity of ‘Fruity’ flavor may have made it easy to evaluate, and, thus, it was
rated in all samples. On the contrary, ‘Green’ was statistically significantly different within
both CH groups but not within FI samples. ‘Green’ descriptor possibly had a different
meaning to Chinese participants, or it has been clearer to them, making it easier to evaluate.
Furthermore, ‘Hops’ flavor correlated differently between the participation groups in PCAs
(Figure 1). The difference may be caused by the different conception of ‘Hops’ flavor
between the participant groups.

4.2. Effects of Dealcoholization or Fermentation Methods

NABs used in this study were produced using different methods (Table 1). Different
dealcoholizing methods have shown to result in different taste properties [46]. However,
our results did not show clear difference between the beers of different production methods
in CATA and RATA analyses. Similar results were reported in a previous study [17]. The
difference between the samples were more likely caused by the differences in beer type
than the production method. Only NABs produced with reverse osmosis were notably
different from other NABs mostly by their more ‘Bitter’, ‘Grassy’, ‘Pungent’, and ‘Sour taste
(Figures 1 and 2). In a previous study, reverse osmosis was reported to decrease bitterness,
total polyphenols, and volatile compounds, eventually affecting the sensory properties [20].
However, in our study, samples prepared with reverse osmosis were evaluated as the most
bitter samples by every group. Ramsey et al. [20] reported that benzene rings or branches in
the volatile compounds increased the retention in reverse osmosis dealcoholizing for those
compounds compared to linear compounds. This can cause unbalanced and unpleasant
sensory properties, because linear volatile compounds, such as ethyl esters and aldehydes,
are typically important for fruity, citrus, and sweet aromas [29]. These aroma and flavor
attributes correlated with the pleasantness of NAB samples also in our study.

Rettberg et al. [46] reported different production methods of NAB resulted in different
physiochemical and sensory properties. For example, in their study, they observed vacuum
and membrane dealcoholizing methods resulting in sourer and less aromatic NABs com-
pared to mixed methods and fermentation [46]. Our results did not show similar results
for vacuum-evaporated samples, but only for NABs prepared with reverse osmosis (IPA6
and P1), which were evaluated with a high sourness intensity by every group. Less sour
samples were either produced with fermentation or vacuum evaporation methods. In
addition, the NABs chosen most frequently as the most pleasant ones (L3 or L17) were least
sour for the all three groups.

A clearer difference was observed between the NAB types: similar types of NABs
correlated more with each other on CATA and RATA PCs (Figures 1 and 2). Similar results
were reported by [46]. They observed that the dealcoholizing method had only a minor
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effect on the flavor profile. For example, L3 and L7 were produced with biological and
vacuum evaporation methods, respectively. Still, they correlated on both CATA and RATA
PCAs when the results of FI are considered (Figures S1b and 2). However, Rettberg et al. [46]
also reported that fermentation with maltose-intolerance yeast resulted in the best quality
of taste and overall harmony of sensory properties. This agreed with our results, which
showed better sensory properties of NAB produced using biological method: L3 and L5
were produced with biological methods, and they both showed relatively high pleasantness
of flavor by every group evaluating them.

4.3. Acceptance of NABs

All three consumer groups chose lager-type NAB as the most pleasant sample. Similar
results have been reported [29]. They studied NABs with chemical and sensory techniques
to clarify which compounds are responsible for the “beer flavor” in NABs and which kind
of NABs Northern Californian consumers like. They reported North Californian consumers
to be satisfied with lager- and wheat-type NABs due to their fruity, sweet, and honey
aromas. The same research group has also published another publication from the same
NAB data [30]. In this later study, they concluded that Northern Californian consumers
preferred NABs with more soda-like, such as fruity and sweet, aromas over NABs with a
more beer-like aroma. In addition, Moss et al. (2022) [14] observed that sweet and aromatic
characteristics drove Canadian participants to like certain NAB or regular beers. These
results are consistent with our findings: participant groups from both Finland and China
preferred the samples which they described with ‘Fresh” odor and ‘Fruity’, ‘Floral’, and
‘Sweet’ flavors and found the samples described with ‘Sour’, ‘Bitter’, ‘Fermented’, and
‘Pungent’ flavors, among others, less pleasant (Figures 1 and 2). The sweetness of NABs
may have also suppressed the bitterness, making them more preferable for participants [25].

Bitterness is generally undesirable taste in foods and beverages. Bitterness of beer
is caused by isomerized «-acids originating from hops [47], and sweetness suppresses
bitterness. Sweetness is mainly caused by different mono- and dimeric sugars, but many
volatile compounds can affect the total sweetness perception [48]. Production method
of NAB affects the final volatile compound contents and, thus, possibly decreases the
intensity of sweetness. For example, separation of ethanol with thermal (e.g., vacuum
evaporation) or membrane method (e.g., reverse osmosis) removes partially or totally also
other volatile compounds, affecting the final sensory properties [49]. Bitterness has been
previously reported to decrease the pleasantness of NABs [29]. In our study, unpleasantness
of bitterness in NABs was also observed; both IPA samples and P1 were rated the most
bitter samples and the least frequently chosen as the most pleasant sample. Blackmore
et al. (2022) [50] demonstrated in their study that the color of regular beer or NAB affects
the expected and perceived bitterness, refreshment, and body of beer. They observed that
darker colored beers were expected and perceived as more bitter and fuller body. In our
study, we did not ask participants to evaluate color properties of NAB, but they were not
hidden either. In out study, the color of NABs was not evaluated. However, IPA6 was
clearly darker colored than other evaluated NABs, and this may have had an effect on how
participants evaluated its bitterness.

When both IPA’s and pilsner’s most pleasant sample ratings were combined, they
were together chosen as the most pleasant ones by 18% (FI), 19% (CH1), or 41% (CH2) of
participants. Pleasantness of bitter beers is previously connected to experience, gender, and
age of consumers, and more experienced older male consumers like more bitter beers more
than less experienced younger females [51]. However, this phenomenon was not seen in
our results. Furthermore, personality traits may have a positive effect on the liking of bitter
beer [52]. Indeed, a recent study observed that certain personality traits, such as Sensation
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seeker, are positively related to pale ale beer consumption and bitter taste perception [52].
More studies are still needed to determine if the NAB consumers choose NAB types with
certain taste profiles similarly to regular beer consumers.

4.4. Effects of Familiarity

Familiarity and cultural differences have been reported to affect the comprehensive
liking (appearance, aroma, taste, and texture) of food products [53]. Familiarity, previ-
ous knowledge, and interest in beers are reported to be better explainers for liking than
demographics [53]. In addition, more familiar regular beers have been observed to be
concerned as appropriate drinks in varying situations as refreshment compared to less
familiar ones [54]. In the same study, they also observed that the level of familiarity strongly
correlated with usage versality. Furthermore, Gliszczyniska-Swigto et al. [55] observed
that habit is one of the most important factors influencing the decision to purchase NABs.
However, another study has reported that people still experience negative taste properties
compared to regular beer, affecting the willingness to purchase NABs [56].

In our study, all consumer groups most frequently chose beer with origin from the
same country to be the most pleasant one, likely due to the taste being familiar to the
participants. In addition, consumers who more often consume NABs found NABs more
pleasant compared to the consumers who less often consume NABs, which is in accordance
with a previous study by Wakihira et al. (2025) [57]. When NABs are consumed more
often, they become more familiar and they can become a habit, further making it easier for
consumers to anticipate the taste properties.

As mentioned before, the consumption of NABs have increased rapidly in the last
decade [1]. The same phenomenon was observed with craft beers in the 2010s, and after that,
their consumption and production increased. Studies have shown that similar demographic
segments which were interested in craft beers are now interested in NABs [2—4,58]. It is
possible that more consumers will find NABs pleasant when they become more common.
In future studies, the usage level of NABs and its changes could be studied to see if the
familiarity of NABs has the same effects on the usage situations and versality as has been
reported with regular beer [54].

4.5. Effects of Labeling as Non-Alcoholic

The knowledge of samples to be alcohol-free may have affected the rating of pleasant-
ness of NABs. Liking of beer may increase directly by actual alcohol content and indirectly
by labeled alcohol content [50]. This study also reported that labeling beers as “0.0% ABV”
lowered participants’ expectations of liking them. A recent study by Wakihira et al. [57]
confirmed this result with Japanese alternative beer (less than 1% ethanol) and regular beer
users. In their study, Wakihira et al. observed that the satisfaction level of alternative beers
significantly decreased when the NAB was labeled as “less than 1%” within regular beer
users. In addition, labeling NABs decreased the wanting level of both “less than 1%” beers
within both beer user groups. They also observed that regular beers had higher satisfaction
levels compared to “less than 1%” beers. Furthermore, Silva et al. [17] observed that label-
ing NAB as beer significantly increased the liking. In addition, labeling beer as NAB did
not change the liking but reduced six positive emotions, namely comforted, good, happy,
loving, joyful, and exuberant [17]. The knowledge of drinking NAB may have affected the
ratings of pleasantness of odor and flavor in our study. Fifty percent of recruited Finnish
consumers were regular NAB users, and the other 50% were interested in NABs. Between
the FI consumption groups (Table S4), a statistically significant difference in the odor and
flavor pleasantness was only observed for IPA6: participants consuming more NABs found
the odor and flavor of IPA6 more pleasant. In our sensory tests in China, we did not have
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NAB consumption as a recruitment criterion for Chinese participants. However, 18.5%
of CH1 and 62.5% of CH2 participants reported consuming NABs “weekly” or “a few
times a month” (Table S4). Similarly to FI, CH consumption groups showed only little
statistically significant difference for the odor and flavor pleasantness (Table S4): within
the CH1 consumption groups, only the flavor pleasantness of L7 was rated significantly
higher by the participants consuming NABs more often, and, within CH2 consumption
groups, less-often-consuming participants found the flavor of IPA1 more pleasant than
the ones consuming NABs more often. Knowledge about beers has reported to decrease
the perceived complexity [40], which then shifts the hedonic response to more positive. In
addition, mere exposure to novel foods and beverages, such as craft beers or NABs, can
shift the preference to complex or novel products, in this case NABs [59].

4.6. Limitations of the Study

During our study, sample L3 was removed from production, and it was not available
for consumer tests held in China; therefore, a new Chinese sample (L17) was added to
the sample set used in China. The sample was chosen because it was also a lager and it
represented well Chinese beers. This reflects well the fast-changing selection of NABs and
the difficulty to develop a good NAB which is still profitable after some years.

In this study, color, mouthfeel, bubble size, or fullness of beer were not considered
when sensory properties of NABs were evaluated. However, the intensity of carbonation
and mouthfeel of regular beer and NABs have been identified as important characteristics
when evaluating different kinds of beers [7,14,60,61]. Carbonation has a great impact on
the mouthfeel and release of flavors [60]. However, most of the physical methods used
to dealcoholize beers also remove carbon dioxide, making an additional carbonation step
necessary in NAB production [22]. The added carbonation usually has bigger bubbles
compared to natural carbonation, making the mouthfeel harsher. This can further affect the
overall liking of the NAB product.

CATA has been demonstrated as a powerful tool to discriminate food and beverage
samples by consumer panel [26,39]. In this study, CATA and RATA descriptors were given
in Finnish to Finnish evaluators and in Chinese to Chinese evaluators. Still, the descriptors
can be misunderstood, or, as in this study, they may be mistranslated when the test was
moved to another culture. To reduce the effect of translation, Chinese translations were
checked by two Chinese food scientists to be sure that they were correct. Moreover, CATA
questions may be asked together with evaluation of ‘ideal product’, i.e., to describe the
ideal non-alcoholic beer in this case, and assessed using penalty analysis [26]. With this
methodology, instead of only identifying the key sensory attributes driving the liking
or disliking, the effects of deviations between real products and the ‘ideal” on hedonic
ratings are assessed. Thus, assessing the ‘ideal product’ with penalty analysis may provide
more information and directions for the beverage industry to reformulate and develop
new NABs.

5. Conclusions

Participant groups from Finland and China were able to characterize and discriminate
the non-alcoholic beer samples produced with different methodologies. In addition, clear
differences between different beer types were observed within all groups, but dealcoholiz-
ing or fermentation methods only had a small effect on the discrimination. The lager-type
non-alcoholic beers were described with ‘Fresh” odor, and ‘Fruity’, ‘Floral’, and ‘Sweet’ fla-
vors were more often chosen as the most pleasant sample; IPAs were found less frequently
pleasant, described with ‘Sour’, ‘Bitter’, ‘Fermented’, and ‘Pungent’ flavors, among others.
In addition, the samples most frequently chosen as the most pleasant sample correlated
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with a high number of descriptors, indicating a more complex flavor profile to be a pleasant
property for non-alcoholic beers. The high intensities of ‘Fruity” flavor and lower intensities
of “Bitter’, ‘Sour’, ‘Malty’, and “Alcoholic” indicated sample pleasantness more often. The
pleasantness of non-alcoholic beers correlated more with flavor pleasantness than odor
pleasantness. Chinese participants often chose more characteristics to describe each NAB
compared to Finnish participants. In addition, they used almost every odor and flavor
descriptor more often compared to the Finnish participants. Furthermore, Finnish and
Chinese participants most frequently chose the typical beer type for their culture as the
most pleasant sample. In addition, all participation groups agreed more about the pleas-
antness of the flavor of NABs compared to the pleasantness of odor. However, differences
between the samples in pleasantness of odor and flavor and odor intensities were only
slightly affected by the frequency of NAB consumption inside participation groups. Some
differences were observed when the groups were compared. The Chinese participants
rated pleasantness and odor intensities higher than the Finnish group.

This study confirmed findings on the key sensory properties of liked non-alcoholic
beers from previous studies, such as pleasantness of fruity flavor and sweet taste in non-
alcoholic beer. Even though this study did not observe clear differences in beer preferences
between two studied cultures, the Finnish and the Chinese, the results showed that non-
alcoholic beers originating from certain region are also accepted in corresponding cultures,
and consumers from different cultures use descriptors in different rates. This result em-
phasizes the importance of NAB producers to take into account the target markets and the
local odor and flavor preferences when introducing new products. No clear connection was
found between the production method of non-alcoholic beers and consumers’ acceptance,
indicating that all production methods can be used to produce non-alcoholic beers with
accepted sensory properties. Even though consumption of non-alcoholic beers have been
increasing over several years, their familiarity level can still be low, affecting how the sen-
sory properties are perceived. In addition, consumers may still have negative assumptions
of taste properties of non-alcoholic beers, further affecting the perceived pleasantness. More
studies are still needed on impacts of familiarity on the pleasantness of non-alcoholic beers.
Furthermore, future studies are also needed in the field of consumers of non-alcoholic beer
to establish stable non-alcoholic beer markets with products pleasing the consumers.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /beverages11020047 /s1, Figure S1: Principal component analysis
based on the citation rates from Check-All-That-Apply (CATA) descriptors used to characterize non-
alcoholic beer samples in three sensory tests (Table 2). (a) odors (n = 19) by Finnish (FI) participants;
(b) flavors (n = 21) by FI participants; (c) odors (n = 19) by Chinese group 1 (CHI1) participants;
(d) flavors (n = 21) by CH1 participants; (e) odors (n = 19) by Chinese group 2 (CH2) participants;
(f) flavors (n = 21) by CH2 participants. L lager, IPA Indian pale ale, P pilsner, O odor, F flavor,
Pleasant_Sample frequency of sample chosen as the most pleasant sample. Figure S2: Principal
component analysis based on the citation rates from Check-All-That-Apply (CATA) descriptors used
to describe non-alcoholic beer samples in three sensory tests (Table 2). Scores and loading plots for
samples (n = 18) and variables (n = 40) studied in all sensory tests. Orange NABs produced with
vacuum evaporation, Purple NABs produced with reverse osmosis, and Light green NABs produced
with fermentation technologies. Figure S3: Principal component analysis based on the intensities
from Rate-All-That-Apply (RATA) descriptors used to rate non-alcoholic beer samples in Finland
(FI) and China group 1 (CH1; Table 2). Scores and loading plots for samples (n = 12) and variables
(n = 16; Table S4) studied. Orange NABs produced with vacuum evaporation, Purple NABs produced
with reverse osmosis, and Light green NABs produced with fermentation technologies. Table S1:
Check-all-that-apply and Rate-All-That-Apply descriptors in Finnish and English. Table S2: Citation
rates from Check-All-That-Apply for odor and flavor descriptors (see separate Excel file). Table S3:
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Rate-All-That-Apply intensities for flavor descriptors (see separate Excel file). Table S4: Pleasantness
of odor and flavor and intensity of odor in non-alcoholic beer samples compared by consumption
habits of non-alcoholic beers.
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