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Abstract
In recent years, the interest on craft beer has been increasingly growing. In this work, sensory
traits of five Italian artisanal beers were explored by a trained panel, through different sensory
analysis methods: Quantitative Descriptive Analysis (QDA) and a sensory dynamic method, Temporal Dominance of Sensations (TDS). The sensory profiles obtained through these methods were
compared to the description given by an expert beer taster. The trained panel (n = 12) evaluated
five Tuscan beers, manufactured in Maremma area, Tuscany region, first through QDA. Twentyeight sensory properties (visual, tactile, flavor and aromatic traits) were evaluated through a nine
point scale. The descriptive profile was enriched by a dynamic sensory evaluation method, TDS.
TDS was used by panelists to obtain a “real-time” flavor profile of the craft beers. During tasting,
TDS provided information on the most striking flavor traits chosen among: floral, honey, roasted,
chestnut, spicy, fruity, hoppy, and malty, of each beer. A PCA analysis showed the importance of the
flavor attributes for beer profile compared to the expert taster description. Results highlighted the
main traits of each beer and showed the validity of different profile methods. The interesting outcomes both provided useful profile patterns for brewers aiming at targeting specific segments of
beer market and supported the development of interesting instruments for beer sensory analysis.
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1. Introduction
Beer is the most widely consumed alcoholic beverage in the world [1], its production in Italy accounts for 13.5
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million hectoliters per year, representing a key player in the European beer market [2]. Lately, together with
multinational companies, independent craft breweries have been flourishing, even in countries where there is not
a strong beer making tradition, such as in Italy [3]. Italian beer consumers are increasing more and more and
beer lovers are actually comparable to wine lovers [2]. Typical features of Italian craft breweries are the care for
enhancing the value of regional and seasonal products, local honeys and heritage grains, together with the integration of elements coming from the traditional wine production, such as the use of grape must and wine barrels
[3]. Craft brewers reinterpret traditional beer styles varying the quantity and variety of hops and distinguishing
their recipes using other raw or malted cereals (wheat, spelt, oat, rye, etc.) or adding fruit, spices, herbs, etc. As a
result, they usually obtain a darker, stronger and more flavorful beer than the beers of mass producers [4].
As Italian beer consumers are very focused on quality and experimentation of different tastes, being very attentive on raw material and local origin [5], the interest on craft beer, brewed from local ingredients, is increasingly growing.
No studies have been carried out on consumers’ preferences determining beer consumption [6] thus it is very
important to explore beer perceptions using proper instruments. In recent years, a certain number of associations
of “beer sommeliers” have flourished and often beer characterization relies on their personal experiences. However, this kind of beer characterization results in a nonobjective description less scientific than the sensory profile obtained by a trained panel of judges.
The present study reports different methods for describing craft beer sensory profile. A panel is trained for
beer sensory analysis and five Tuscan craft beers are analyzed. Two different sensory analysis methods we reuse:
a classic one, the Quantitative Descriptive Analysis, and Temporal Dominance of Sensations, a dynamic method.
As consumer preferences and choices largely depend on the sensory properties and, in particular, on flavor perceptions [7], TDS is only focused on flavor attributes.
QDA method allows both the qualitative and quantitative description of beers producing the classic spider
web sensory profiles. QDA is a complete sensory description, taking into account all sensations that are perceived (visual, tactile, olfactory, and gustatory) when the product is evaluated [8]. TDS, as a descriptive multi-attribute methodology, which deals with attribute interactions [9], allows the description of the overall product
perception over time giving a real-time flavor profile [10]. TDS provides supplementary temporal information,
perceived during the drinking process, on qualitative changes that are not measurable with the conventional
sensory profile; moreover this method is less time consuming than other dynamic ones [7].
The scientific profiles obtained are compared with the description given by an expert beer taster in order to
check for the correspondence between the trained panel perceptions and the expert description.

2. Material and Methods
2.1. Sensory Analysis
2.1.1. Protocol for Sensory Analysis and Product Presentation
A panel of 12 judges was selected and trained for beer sensory characterization. Commercial beers were used in
pre-testing panel-test sessions to let the assessors familiarize with the products under investigation and the terminology related to it. Those sessions were also used to standardize panel’s attributes definitions according to
literature. All samples were presented in 80 ml glass covered with a glass top and containing 20 ml beer per
glass for QDA and 10 ml beer per glass for TDS. Samples were stored in fridge until prepared. Immediately before tasting they were poured and served at 10˚C. Samples were coded with a randomly selected three-digit
number. Tests were carried out in individual booths and replicated twice. Water was supplied to rinse the palate
between samples.
The experimental design was based on Latin squares to minimize the effect of serving order.
Data collection was performed with FIZZ software (Biosystemes, Couternon, France) through a computer
network.
The five samples were craft beers manufactured in the area of Maremma, Tuscany, and were selected as representative regional products. Different aromatic features characterized the craft beers selected.
One Weiss high-fermentation beer, 6% of alcohol, here reported as “W1” (Figure 1), one Weizen bock highfermentation beer, 6.5% of alcohol, indicated as “W2” (Figure 2), one Pilsner low-fermentation beer, 4.5% alcohol, indicated as “P1” (Figure 3), one Pilsner low-fermentation beer, 6.9% alcohol, indicated as “P2” (Figure
4), and a red high-fermentation beer, 6.9% alcohol, here reported as “R1” (Figure 5).
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Figure 1. The Weiss beer W1.

Figure 2. The Weizen bock beer W2.

Figure 3. The Pilsner beer P1.

Figure 4. The Pilsner beer P2.
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Figure 5. The red high-fermentation beer R1.

2.1.2. QDA
Twenty-eight attributes, (Table 1) derived from literature [11] and from the attribute list used by the “beer taster
association” [12] were included in the evaluation process. Nine of them were related to odour (overall intensity,
malty, hoppy, floral fruity, spicy, honey, roasted, other odours); two were visual attributes (foam persistency, turbidity), fourteen were gustatory traits (overall intensity, sweet, bitter, salty, sour, alcohol, malty, hoppy, floral fruity,
spicy, honey, roasted, other flavors) and three of them concerned texture (fullness, level of carbonation, astringent).
The panelists were said to gradually sip the sample and describe it using the computer. The sensory attributes
were assessed using an unstructured nine-point scale anchored at the left end with “absent” and at the right end
with “high”.
2.1.3. TDS
TDS analysis was focused on the aromatic phase and was performed using a subset of 7 aromatic attributes chosen among the descriptive ones used in QDA: floral, fruity hoppy, malty, honey, spicy and roasted. Panelists
were trained to the TDS testing protocol through FIZZ Software (Biosystemes, Couternon, France). Each evaluation session lasted 90 seconds [10]. Panelists were asked to start the evaluation immediately after taking the
sample (10 ml) in their mouth. Panelists were then asked to check the dominant attribute perceived choosing it
from the list. The dominant attribute was defined as: “the sensation catching the most the attention during the
drinking process”. An attribute remained dominant until replaced by another. Panelists were free to select the
same attribute several times during the evaluation. The attribute list was randomized in order to minimize position errors. Panelists could stop the acquisition through a “stop” button when no more sensations were perceived,
otherwise the evaluation automatically stopped after 90 seconds.
2.1.4. Beer Description by the Expert
An expert beer taster, a “beer sommelier” described the beers giving a characterization of each beer according to
his own experience.
2.1.5. Data Analysis
Sensory data were processed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA). Sensory profiles were defined
by mean values. In TDS analysis, dominance rates (the percentage of panelists selecting a dominant attribute at a
specific time) were calculated by attribute and time and were reported in TDS graphs through FIZZ Software
(Biosystemes, Couternon, France).
Principal component analysis (PCA) was carried out on panel data to identify the key attributes mostly contributing to the variation in products within the product space. The beer codes on the PCA graph were then substituted to the short “beer sommelier” description in order to verify the correspondence.

3. Results
3.1. QDA
In descriptive analysis, W1 (Figure 6) showed high turbidity and quite low foam persistency. In the olfactory
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Table 1. Attribute list used in QDA analysis [4] [8].
ODOUR ATTRIBUTE
OVERALL INTENSITY

Overall Odour intensity perceived

MALTY

Aromatic note of fermented cereals similar to fresh malt cooked in the oven

HOPPY

Typical odourof fresh hop

FLORAL

Aromatic note resembling flowers

FRUITY

Aromatic note resembling fruits

SPICY

Aromatic note resembling spices

HONEY

Aromatic sweet note resembling honey

ROASTED

Aromatic note resembling caramel, bread crust, hazelnuts and browning of sugars

VISUAL ATTRIBUTE
FOAM PERSISTENCY

Visual persistency of foam in the glass

TURBIDITY

Presence of suspended particles that let the beer opaque

GUSTATORY ATTRIBUTE
OVERALL INTENSITY

Overall Taste intensity perceived

SWEET

The taste of sugar

BITTER

The taste of

substances like caffeine or quinine

SALTY

Taste of salt

SOUR

Taste of acidic substances such as citric acid

ALCOHOL

Flavor sensation of alcohol

MALTY

Flavor sensation of malt

HOPPY

Flavor sensation of hop

FLORAL

Flavor sensation resembling flowers

FRUITY

Flavor sensation resembling fruits

SPICY

Flavor sensation resembling spices

HONEY

Flavor sensation resembling honey

ROASTED

Flavor sensation resembling caramel, bread crust, hazelnuts and browning of sugars

TEXTURE ATTRIBUTE
FULLNESS

Fullness of beer perceived in mouth

LEVEL OF CARBONATION

Attribute resembling the pungency intensity of carbon dioxide

ASTRINGENT

Mouth dry sensation

and gustative phase intensity, fruity, hoppy and spicy notes were highlighted. W2 (Figure 7), showed high foam
persistency and turbidity and was mainly characterized by spicy and malty notes in the olfactory phase, while
aromatic notes were characterized also by alcohol, sour, bitter and hoppy. P1 (Figure 8) had medium turbidity
and foam persistency and was featured by hoppy, floral and fruity notes in the olfactory phase, while aromatic
notes were mainly bitter alcohol and hoppy. P2 (Figure 9) had high foam persistency but low turbidity and was
characterized by hoppy floral and honey olfactory notes that can be also found in the gustatory phase together
with the attributes bitter and alcohol. R1 (Figure 10) had a medium foam persistency, while malty and roasted
notes were highlighted in the olfactory phase and, bitter, roasted and alcohol notes in the gustatory phase.
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Figure 6. QDA of W1 beer.

Figure 7. QDA of W2 beer.
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Figure 8. QDA of P1 beer.

Figure 9. QDA of P2 beer.
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Figure 10. QDA of R1 beer.

3.2. TDS
TDS aromatic curves showed, in W1 (Figure 11), the dominance and persistence of fruity notes over all the
attributes, but also malty and spicy notes were indicated as dominant. W2 (Figure 12) showed a more complex
scenario in which different balanced aromatic notes arose: spicy, malty, fruity and hoppy were the most dominant sensations. P1 (Figure 13) was characterized by the dominance of hoppy, malty and roasted. Spicy was also present by the end of the tasting period. P2 (Figure 14) was dominated by honey, fruity and hoppy notes
during all of the tasting period. R1 (Figure 15) was mainly dominated by roasted notes with the other attributes
only slightly dominant during the tasting period.

3.3. Beer Descriptions by the Expert
The “beer sommelier” after tasting the five craft beers gave the following descriptions. W1: a fruity balanced
and harmonic “Weiss” characterized by sweet notes of “banana”, spices and hop. W2: a “Weizen bock” characterized by alcoholic, spicy, malty and sour notes. A “young” but well balanced and harmonious beer. P1: a mature “pilsner” with bitter and floral notes. The P1 complexity of taste notes was quite low but it was a rather balanced and harmonious beer. P2: a strong “pilsner” characterized by bitter, honey, hoppy and spicy notes. The
P2 taste was harmonious but mildly balanced. R1: a full-bodied red beer, with roasted, malty and bitter notes.
R1 was featured by a rather balanced and harmonious taste.

3.4. Comparison of QDA Profiles to the Expert Beer Taster Descriptions
The PCA (Figure 16) showed the most contributing attributes to beer profiles. The first two principal components of PCA accounted for 74% of the variance in the data. The descriptions given by the beer taster expert
were in agreement with the attributes identifying the beers in QDA profiles as showed in Figure 11. PC1 and
PC2 differentiated the two “Pilsner”, P1, P2, mainly floral and bitter, from the two “Weiss” beers, W1 and W2,
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Figure 11. TDS of W1 beer.

Figure 12. TDS of W2 beer.

Figure 13. TDS of P1 beer.
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Figure 14. TDS of P2 beer.

Figure 15. TDS of R1 beer.

featured by fruity and spicy notes, R1 was not close to any of the other beers mainly featured by roasted and
malty notes.

4. Discussion
Recently, Italian beer industry has been showing a growing trend [3], but according to AssoBirra, the Italian
Association of Brewers, also the interest on craft beer manufacturing and consumption has been rising [13] [14].
The main traits of craft brewers, the interest and the exploration on flavors and brewing techniques [15], lead to
the formulation of products characterized by complex pools of flavors, high quality and great appeal for consumers [3]. Therefore, craft beers need proper analytical instruments to be described and explored. In this work,
the complexity of flavors of five Italian craft beers, manufactured in Maremma (Tuscany), were described through
classic and dynamic profile methods. The results of this study proved that these methods are comparable to the
description given by the expert taster.
The results of the TDS analysis applied on the five craft beers have shown to be mostly in agreement with
those obtained by the QDA. The outcomes of both the analytical methodologies emphasized the flavor aspects
of the craft beers, revealing the complexity of craft beers flavors and the dynamic of their modification during
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Figure 16. PCA analysis of the five Tuscan beers. Attributes resuming beer features are in red. Codes of the
five beers are in bold letters followed by a summary of the “sommelier” description.

tasting. Furthermore, accordance was found between the sommelier descriptions of the five beers and the sensory data obtained by the trained panel, as showed by PCA analysis. In such a way, the results validate the panel
activity of the twelve judges that corresponds to the description given by the beer “sommelier”, an expert who is
officially acknowledged by the Italian national organization of beer tasters and to whom traditionally breweries
referred to for their description. Moreover, results of this study showed that the two sensory analytical methods
were effective and suitable instruments to study organoleptic properties and exhaustively achieve the sensory
profiles of craft beers.

5. Conclusion
The results of this work are interesting and useful information for brewers and craft brewers that can take the
chance of choosing different methods to describe sensory features of their brewery products. Sensory analysis
methods can be a good and more scientific alternative to the “sommelier” classic beer description. Sensory profiles, obtained through different available sensory techniques, can be a fundamental support for entrepreneurs in
targeting specific segments of the beer market. By applying sensory analysis in defining the organoleptic
attributes, craft beer can get added value and be more recognizable and properly marketable in particular sectors,
included the rural tourism one. Actually sensory analysis has shown to be an effective tool for educating consumers/tourists in achieving critical understanding and awareness of the product as well as recognizing the uniqueness of organoleptic cues and designing memorable experiences. So, sensory analysis can emphasize the
craft market products, such as artisanal beers, and can be conceived as a catalyst for enhancing the effects of a
differentiation strategy in business [16].
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