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Beer is one of the world’s  oldest and most 
widely consumed alcoholic beverages [1]. It is 
traditionally brewed from malted cereals, water, 
yeast and hops, but before hops became the domi‑
nant bittering agent, a  wide range of botanicals 
were used to shape aroma, flavour and preser‑
vation [1, 2]. Gruit beers, historically produced 
with herb mixtures instead of hops, illustrate this 
long‑standing botanical tradition, which has re‑
cently re‑emerged as consumers show greater 
interest in more aromatic, less bitter and distinc‑
tive beers, particularly young adults and women 
[3–6]. Modern brewers increasingly experiment 
with herbs, fruits and spices alongside or instead 
of hops, contributing to the growth of special beer 
styles, including non‑alcoholic, low‑alcohol and 
functional products that offer differentiated sen‑
sory profiles [6, 7] 

Chamomile (Matricaria recutita), sage 
(Salvia  officinalis) and nettle (Urtica dioica) are 

promising botanicals for brewing because of their 
distinct aromatic and phenolic profiles. They have 
already been investigated in various food and 
beverage matrices, including experimental beers 
[8–11]. Studies show that chamomile typically con‑
tributes floral and mildly bitter notes, sage imparts 
herbal and spicy characteristics and nettle provides 
grassy, earthy and mineral nuances [3, 9–11]. The 
successful incorporation of these botanicals into 
commercial formulations, however, requires a de‑
tailed understanding of how consumers perceive 
the sensory changes they introduce and which spe‑
cific attributes act as drivers of acceptance or re‑
jection.

Consumer responses to beer are further 
shaped by demographic factors such as age and 
gender. Women typically prefer less bitter, more 
balanced and aromatically complex beers, whereas 
men often show higher tolerance for bitterness 
or rely more on familiarity and social influence 
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tanicals added at 6.4 g·l-1 in two equal portions 
(half at boil start, half after 15  min). Post-boil, 
worts were filtered, cooled rapidly to 18  °C and 
pitched with yeast at 10 g·l-1. Primary fermenta‑
tion proceeded at 18–20 °C for 7 days, followed by 
bottling and secondary fermentation/maturation 
at 4  °C for 10 days. Fermentation was completed 
when the specific gravity stabilised. All trials were 
conducted in triplicate. 

The selected botanical concentration (6.4 g·l-1) 
was based on preliminary trials to achieve a clearly 
perceptible yet balanced herbal intensity. This 
level aligns with brewing practices where relatively 
high dosages are used to ensure flavour expression 
[15]. Compared to lower concentrations reported 
in previous studies (~1.3 g·l-1), a  higher dosage 
was applied to enhance sensory differentiation 
[3]. A  uniform concentration was used across all 
botanicals to enable direct comparison, although 
differences in intrinsic aromatic intensity remain 
a limitation.

Basic physicochemical parameters (pH, 
apparent extract, and alcohol content) were moni‑
tored during fermentation. pH was measured 
using a  calibrated pH meter (Sartorius PB-11,  
Sartorius, Göttingen, Germany). Apparent extract 
(expressed as degrees Plato) and alcohol content 
were determined using a FermentoFlash analyser 
(Funke Gerber, Berlin, Germany). 

Consumer panel and sensory evaluation 
A  total of 188 untrained consumers (ages 

21–25) participated in the study. Each evaluator 
received 100 ml of beer served at 4 °C and coded 
with a random three-digit number. The question‑
naire collected demographic data, beer consump‑
tion habits and sensory responses. The design 
of the questionnaire was informed by a  compre‑
hensive review [4]. Sensory parameters including 
appearance, taste, mouthfeel and overall liking 
were evaluated using a  horizontal nine-point he‑
donic scale. The scale ranged from 1 (dislike 
extremely to 9 (like extremely). Participants 
evaluated samples using 17 CATA descriptors 
adapted from previous beer studies [4, 16]. The 
CATA responses were used to characterise the 
samples and identify sensory attributes associated 
with consumer acceptance.

Data analysis 
Hedonic data were analysed by one-way 

ANOVA with Tukey’s honestly significant differ‑
ence (HSD) test; gender effects were assessed by 
two-way ANOVA. CATA data were analysed with 
Cochran’s Q, principal component analysis (PCA) 
and drivers of liking (DOL); gender differences 

[12, 13]. Sensory methods that capture both 
liking and descriptive information are therefore 
essential for characterising novel botanical beers. 
The nine‑point hedonic scale and the check-
all-that-apply (CATA) method are widely used, 
consumer‑friendly approaches that have shown 
good performance for profiling and segmenting 
beers, especially when combined with multivariate 
analysis to identify drivers of liking [12, 14]. This 
pattern aligns with literature describing Salvia 
extracts as rich in thujone, camphor and related 
volatile compounds that often impart sharp, 
resinous or medicinal flavours, which can nega‑
tively impact acceptability [3].

Despite growing interest in botanical beers, 
relatively few studies have examined how young 
adults perceive specific herbal additions such as 
chamomile, sage and nettle or which sensory cues 
govern their acceptance. Therefore, this study 
aimed to evaluate the sensory acceptability, de‑
scriptive profiles and gender‑related differences 
in the perception of beers formulated with cham‑
omile, sage and nettle, compared with a  hops 
control, using hedonic ratings and CATA data 
supported by multivariate analysis.

Materials and methods

Beer production 
Four beer variants were produced on a labora‑

tory scale from barley malt wort, standardised to 
12  °Plato. Saccharomyces pastorianus (SafLager 
W-34/70, Fermentis, Marcq-en-Baroeul, France) 
lager yeast was used for all fermentations. A  tra‑
ditional hops-infused beer served as the control. 
The remaining three beers were brewed with dried 
leaves of sage (Salvia officinalis), chamomile (Mat-
ricaria chamomilla) and nettle (Urtica dioica), 
hand-harvested from a  local forest in Kruševo, 
North Macedonia, during the summer season.

Sage and nettle leaves and chamomile flower 
heads were used. The plant material was air-dried 
at ambient temperature (20–25 °C) in a  shaded, 
well-ventilated area for 5–7 days and stored in 
sealed containers protected from light. Prior to 
brewing, the materials were manually fragmented 
into pieces of approximately 0.5–1 cm to ensure 
uniform extraction during boiling.

The control beer was brewed using Hallertauer 
Tradition hop pellets (type 90; α-acids 3.1%, 
Eisemann, Vaihingen an der Enz, Germany), 
a  noble hop variety characterised by moderate 
bitterness and a mild aroma profile with citrus and 
light fruity notes.

Each wort underwent a  30-min boil, with bo‑
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in CATA selection used chi-square tests. Analyses 
were performed in Microsoft Excel 365 (Micro‑
soft, Redmond, Washington, USA) and R software 
version 4.3.1 (R Foundation for statistical comput‑
ing, Vienna, Austria).

Results and discussion

Physicochemical characteristics of beers
The measured physicochemical parameters 

(Tab. 1) were consistent with values reported for 
conventional lager beers, including alcohol con‑
tent (4.3–4.6 % v/v), pH (3.87–4.32), and apparent 
extract (~3.4 °Plato) [15, 17]. The similar alcohol 
content and extract values across samples indicate 
comparable fermentation performance, suggesting 
that the addition of botanicals did not adversely 
affect yeast activity. In addition, previous studies 
have shown that botanical additions can intro‑
duce bioactive compounds, including pheno‑
lics and other extractives, which may influence 
flavour perception without affecting fermenta‑
tion performance [3, 6, 8]. Slight variations in 
pH among the beers may reflect the influence of 
different plant materials on acidification. Overall, 
these results confirm that the beers were techno‑
logically consistent, allowing sensory differences to 
be primarily attributed to the type of botanical ad‑
dition.

Hedonic differentiation of botanical beer samples 
Across all sensory modalities (appearance, 

taste, mouthfeel and overall liking), the botani‑
cal beers differed significantly (p < 0.05; Tab. 2). 
Taste and mouthfeel were the most discriminating 
attributes, indicating that the botanical additions 
influenced flavour and in-mouth perception more 
than visual attributes, in line with previous reports 
that mouthfeel is a  major driver of beer choice 
[18]. The nettle sample, followed by hops received 
the highest scores for mouthfeel and taste. 
Chamomile did not show any difference in appear‑
ance compared to the other beers, but in the other 

attributes, it was moderately liked, after nettle and 
hops. At controlled levels, chamomile can improve 
sweetness, aroma, and mouthfeel in beverages 
[10]. In contrast, sage exhibited depressed scores 
across all measured modalities.

Sensory characterisation
CATA citation proportions showed clear sen‑

sory separation among the botanical beers. Nettle 
and chamomile were mainly associated with sweet, 
honey, grassy and woody notes, indicating a  mild 
sweet–aromatic profile consistent with their higher 
hedonic scores. These attributes align with sweet–
aromatic profiles that typically elicit higher liking, 
whereas formulations dominated by bitterness, 
earthy or mouldy notes and strong herbal intensity 
are generally less accepted by consumers. Sage, in 
contrast, showed dominant bitter, spicy, earthy, 
mouldy, and ginger citations, indicating a  more 
intense herbal sensory profile that was associated 
with lower acceptance in the present study and 
has also been reported in previous work [5, 6, 19]. 
Hops exhibited moderate bitterness, wheat-cereal 
notes, and citrus brightness, attributes consistent 
with traditional hop-forward profiles. It has been 
reported that citrus-like and herbaceous freshness 
attributes showed positive regression coefficients 
in their preference model, suggesting a beneficial 
role in consumer acceptance [16].

These differences were summarised effec‑
tively by PCA (PC1 = 53.1 %; PC2 = 34.2 %; 
Fig.  1). PC1 captured the main sensory contrast, 

Tab. 1. Basic physicochemical properties 
of the botanical beers.

Beer Final pH Alcohol [%]
Apparent 

extract [°Plato]

Hops 3.87 ± 0.02 4.3 ± 0.1 3.42 ± 0.08

Nettle 4.32 ± 0.12 4.6 ± 0.2 3.42 ± 0.16

Sage 3.97 ± 0.01 4.5 ± 0.2 3.43 ± 0.03

Chamomile 4.04 ± 0.13 4.4 ± 0.0 3.43 ± 0.21

Values are expressed as mean ± standard deviation (n = 3).

Tab. 2. Hedonic scores of botanical beers.

Beer Appearance Taste Mouthfeel Overall liking

Chamomile 7.34 ± 1.25 a 6.71 ± 1.24 a 6.79 ± 1.23 a 6.96 ± 1.25 a

Hops 7.12 ± 1.15 a 7.04 ± 1.23 b 7.42 ± 1.19 b 7.38 ± 1.14 b

Nettle 7.09 ± 1.23 a 7.59 ± 1.35 c 7.79 ± 1.18 c 7.53 ± 1.26 b

Sage 6.92 ± 1.31 b 4.79 ± 1.28 d 4.79 ± 1.32 d 5.40 ± 1.27 c

Values are expressed as mean ± standard deviation (n = 188).
Different superscript letters within the same column indicate statistically significant differences (p < 0.05) according to Tukey’s 
honestly significant difference (HSD) test.
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ranging from sweet-aromatic descriptors (sweet, 
honey, caramel), where nettle and chamomile 
were positioned, to bitter–harsh attributes (bitter, 
mouldy, earthy, ginger), which characterised 
sage. This sensory pattern may be related to the 
presence of volatile and phenolic compounds 
typically reported in sage species, which are often 
associated with sharp, resinous or medicinal 
flavour impressions [3]. However, as no chemi‑
cal analyses were performed in the present study, 
these associations should be interpreted as indica‑
tive rather than definitive. Additionally, the posi‑
tioning of chamomile toward sweet and aromatic 
descriptors is consistent with previous studies re‑
porting enhanced sweetness and aroma percep‑
tion in chamomile-enriched beverages [10]. Hops 
occupied an intermediate position, reflecting 
balanced cereal-citrus attributes. PC2 accounted 
for secondary differences, separating samples and 
attributes associated with higher scores on watery 
and some grain notes from those positioned closer 
to sweet and chamomile, without a  strong addi‑
tional flavour‑quality gradient. Overall, the two‑di‑
mensional configuration mirrors previous botani‑
cal beer studies, where beers separate primarily 
along a  sweet–aromatic versus bitter-herbal axis, 
and more accepted samples tend to cluster with 
sweet and aromatic attributes [6, 19]. 

Drivers of liking 
The DOL analysis clarified how specific 

sensory attributes contributed to acceptance or 
rejection (Tab. 3). Positive drivers included sweet, 

citrus, honey, clear and earthy notes, all of which 
increased liking for the moderately and highly 
accepted beers. These results are consistent with 
findings of Ivanova et al. [20], who reported that 
sweetness and malty flavours increased consumer 
liking, while bitterness, astringency and intense 
hop aroma exerted negative effects. It has also 
been reported that consumers preferred non-
alcoholic beers with a  sweet taste and light fruity 
odour [21]. Negative drivers in the present study, 
particularly bitter, mouldy, and spicy, were most 
pronounced in sage, mirroring its placement in 
the bitter-harsh region of the PCA and aligning 
with earlier reports that bitter, grassy, spicy, and 
mouldy attributes undermine the acceptance of 
herbal beers [6, 19]. Light body descriptors such 
as “watery” and “clear” were weak positive drivers 
for some beers, indicating that, when bitterness 
is moderate, a  perceived lightness can enhance 
drinkability [20]. Another atypical finding was 
that “mouldy” acted as a  mild positive driver for 
chamomile, despite being a  negative driver else‑
where. This suggests that low‑intensity fermenta‑
tive or herbal notes may be interpreted as added 
aromatic complexity rather than as defects.

Gender-based sensory and hedonic differences
The attitudinal data (Tab. 4) showed that 

female participants expressed significantly greater 
interest in visiting breweries and reading about 
beer, and placed stronger emphasis on healthy 
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Fig. 1. Biplot of botanical beer samples and sensory 
attributes on the first two principal components.

Scores and loadings were rescaled for visual clarity while 
preserving relative relationships.

Tab. 3. Key positive and negative drivers of liking for 
each botanical beer sample. 

Beer
Top positive drivers Top negative drivers

Descriptor Δ Descriptor Δ

Hops

Caramel +0.34 Bitter –0.78

Watery +0.33 Mouldy –0.63

Earthly +0.05 Spicy –0.42

Nettle

Watery +0.74 Bitter –0.46

Clear +0.70 Mouldy –0.44

Earthly +0.59 Spicy –0.33

Sage

Earthly +0.53 Bitter –0.68

Ginger +0.52 Mouldy –0.56

Clear +0.44 Spicy –0.41

Chamomile

Citrus +0.34 Bitter –0.61

Mouldy +0.25 Spicy –0.36

Sweet +0.19 Grassy –0.19

Only the strongest positive and negative drivers per beer 
are shown.
Δ – difference in mean overall liking scores when the attribute 
was selected versus not selected. 
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living. These trends align with reports that women 
increasingly engage with beer through exploration 
and information seeking, whereas men more often 
rely on social influences when making beverage 
choices [7, 13]. The heightened lifestyle orienta‑
tion among women is also consistent with broader 
evidence that they tend to adopt healthier dietary 
behaviours [22]. Despite these differences, no sig‑
nificant gender effect was found for identifying 
beer as a  favourite alcoholic beverage, contrast‑
ing with findings that wine is typically preferred by 
many women, while beer liking is more common 
among young men [4, 22].

These attitudinal differences were reflected in 
hedonic evaluations. Female participants showed 
significantly higher liking scores for hops, nettle 
and sage beers, with the largest gender gap ob‑
served for nettle, whereas chamomile showed 
no significant difference (Tab. 5). This pattern 
supports earlier findings that women generally 
perceive bitter stimuli more intensely and there‑
fore tend to prefer less bitter or more balanced 
flavour profiles [4, 12]. Although detailed modal‑
ity-wise ANOVA results are not shown, women 
also rated appearance higher across all samples 
and gave significantly higher taste and mouthfeel 

scores for nettle and sage, consistent with reports 
that visual and in-mouth cues strongly influence 
consumer expectations and acceptance [23].

Gender differences in basic taste perception 
were further examined with CATA. A  significant 
effect emerged only for the bitter descriptor in the 
hops sample: males frequently selected “bitter,” 
whereas females did not, indicating that gender 
divergence in bitterness perception is product-
specific. This aligns with previous evidence that 
women often treat bitterness as a negative driver 
of liking, whereas young men more readily identify 
or tolerate bitter and intense flavour profiles [4, 5, 
12, 19].

Despite attitudinal differences seen between 
females and males, both gender‑specific PCA 
biplots (Fig. 2A, 2B) organised the beers along 
a  dominant sweet–aromatic to bitter-herbal axis 
on PC1, consistent with botanical beer separa‑
tions reported previously [6]. In both biplots, 
chamomile was located toward sweet and caramel 
attributes, sage toward bitter, mouldy and spicy 
notes, and hops and nettle occupied intermediate 
positions associated with cereal, citrus, watery and 
earthy cues. PC2 separated samples and attributes 
primarily by intensity and fullness, distinguishing 

Tab. 4. Gender differences in botanical beer-related attitudes. 

Statement Female Male F(1,186) p

Beer is my favourite alcoholic drink 3.32 ± 1.12 3.00 ± 0.95 3.60 0.060

I like to try new beers 4.30 ± 0.86 4.09 ± 0.79 2.23 0.140

Buying local beer supports the local economy 4.63 ± 0.85 4.55 ± 0.63 0.49 0.480

When I travel, I try local beers 3.66 ± 1.07 3.27 ± 1.08 6.84 0.010**

I like visiting breweries 3.70 ± 0.87 2.73 ± 0.96 52.17 < 0.001***

I like reading about beer 3.16 ± 1.02 1.55 ± 0.78 143.53 < 0.001***

I drink beer on special occasions 2.84 ± 0.98 2.36 ± 0.94 11.67 < 0.001***

I usually buy the same beer 3.16 ± 1.12 2.55 ± 0.95 15.79 < 0.001***

A healthy lifestyle is important to me 4.84 ± 0.44 4.36 ± 0.85 24.87 < 0.001***

Values are expressed as mean ± standard deviation (n = 188). 
Responses were collected using a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree). Differences between female 
and male respondents were evaluated using one-way ANOVA. 
F(1,186) – F-statistic from ANOVA, p – statistical significance (** – p < 0.01, *** – p < 0.001).

Tab. 5. Gender differences in overall liking of botanical beers.

Beer Female Male F(1,186) p

Chamomile 7.08 ± 1.19 6.81 ± 1.31 2.11 0.149

Hops 7.70 ± 1.07 7.00 ± 1.11 19.15 < 0.001***

Nettle 8.20 ± 0.87 6.73 ± 1.19 94.39 < 0.001***

Sage 5.66 ± 1.25 5.09 ± 1.24 9.57 0.002**

Values are expressed as mean ± standard deviation (n = 188).
Overall liking was evaluated using a 9-point hedonic scale (1 = dislike extremely, 9 = like extremely).

F(1,186) – F-statistic from ANOVA, p – statistical significance (** – p < 0.01, *** – p < 0.001).
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lighter or clearer descriptors (e.g. clear, watery) 
from thicker or more intense notes (e.g. thick, 
sour, spicy). The overall sensory structure was 
very similar for women and men, indicating that, 
despite clear gender differences in liking scores 
and in the explicit use of the “bitter” descriptor, 
both groups organised the beers along compara‑
ble sweetness-bitterness and light-fullness dimen‑
sions, with gender effects emerging mainly in the 
strength of preference rather than in the basic sen‑
sory map.

Such stable sensory configurations across 
consumer segments provide a  robust basis for 
advanced data-driven modelling approaches, 
which have demonstrated that complex beer 
flavour profiles can be predicted and optimised 
using multivariate and machine-learning models 
integrating sensory and compositional data [24].

Conclusion

This study shows that adding chamomile, sage 
and nettle reshapes how young adults perceive 
and like beer, with nettle and hops receiving the 
highest acceptance, chamomile moderate accept‑
ance and sage clearly the lowest. Sensory mapping 
and drivers of liking analyses indicated that beers 
associated with sweet, citrus, honey-like and clear 
notes were favoured, whereas those dominated by 
bitter, spicy, earthy and mouldy impressions were 
rejected. Men and women organised the beers 

within a similar sensory space, but women tended 
to prefer the less bitter, sweeter profiles and men 
showed greater tolerance for bitter and herbal in‑
tensity, suggesting that gender differences arise 
mainly from preference strength rather than fun‑
damentally different sensory perceptions. Over‑
all, botanical beers aimed at young adults appear 
most promising when bitterness and herbal inten‑
sity are moderated and when sweetness, aromatics 
and a  pleasant mouthfeel are carefully balanced. 
A  limitation of the present study is the absence 
of chemical characterisation of the botanical 
beers, which restricts mechanistic interpretation 
of the observed sensory differences. Future work 
should integrate sensory evaluation with chemi‑
cal analyses to better elucidate the relationship 
between composition and consumer perception.
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