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Abstract: The world’s beer market has never been more diverse. Most beers are produced in modern
and technologically advanced breweries that use high quality raw materials, thus resulting in minor
differences of physical-chemical properties between various beers (of the same style). However,
consumers focus on constant quality and sensory properties of their chosen beer. Sensory evaluation
is not an easy task and involves flexible methods for determination of differences and changes
between beers. It is commonly used in breweries to provide constant quality of finished products, but
also to ensure the quality of different raw materials (water, malt, hops) and to minimize the influence
of the production process on final quality of beer.
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1. Introduction

Beer is one of the most consumed beverages in all corners of the world. Due to its
popularity and the quantity of produced beer, this is a truly competitive market, especially
since the industry is always trying to attract new and younger customers. The craft beer
movement is on the rise and is offering many different sensory aspects of beer. To ensure the
quality of raw materials and of finished products, sensory analysis should be a mandatory
tool. It is a method of evaluating beer quality by using only the senses of an individual
panelist. Most usual beers’ properties that require constant evaluation are freshness, quality,
craftsmanship, balance, conformity to style or brand, and drinkability [1]. Beer’s taste
and smell should be evaluated to obtain the information on how different people react to
different products, to determine which group of people likes a certain type of beer [2].

Despite the achieved stability of beer, colloidal, and non-colloidal, all beers are suscepti-
ble to changes of sensory properties over time [3]. Improper storage (UV light, temperature
fluctuations), transport and finally the serving of beer affects (and impairs) its characteristic
sensory properties. In order to ensure the quality of beer on the market, quality control is a
common procedure in the brewery. There are several steps in the brewing industry that
should be monitored to ensure a quality beer:

1.  Prior and after packaging;
2. Monitoring of beer prior to release to the market;
3. Evaluation of samples from the market.

Troubleshooting the flavor-stability issues, microbiological problems, and taint in-
cidents and evaluation of trial samples to support process or product improvement are
important steps as well [4]. There are many commercially [5-8] available sensory test
methods, and they all try to comprehensively capture the shortcomings of other sensory
test methods.

Evaluating beer is not an easy task. Beer is comprised of more than 800 chemical
compounds originating from different raw material (malt, yeast, water and hops), and
many of them are formed during maturation and storage. Sensory evaluation of beer is a
serious job that often comes down to the number of panelists (evaluators) and to the words
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they would use to describe the appearance of one property [9]. Sensory analysis consists of
several steps shown in Table 1 [9].

Table 1. Basic steps of sensory analysis adapted from [9].

Step Description
1 Choosing the method Robust, scientific method.
To minimize the errors and maximize the method
Evoking a response to efficiency, samples and conditions in which the
stimuli/Selecting the samples serving/tasting occurs have to be uniform

and consistent.

To obtain data that can be subjected to

3 Quantifying the response statistical analysis.

4 Statistical analysis Choosing the appropriate statistical analysis method.
. To evaluate and understand why is there a statistical

5 Interpretation

difference (or not) between the samples.

Even though many food products, including beer, can be evaluated via electronic nose
or tongue, choosing humans for such evaluation is a better choice because panelists can
take into consideration and provide a holistic experience of the tasted beer [9]. Determining
quality in the food industry, especially in brewing, is very hard, since consumers have
a different viewpoint on what a quality product means for them. For some, quality is
associated with exclusivity and high price. Others view quality as affordable and not
pricey or products they traditionally buy for years. In a nutshell, if it is not valued by the
consumet, it is a waste of time (and money) for the company. So, in order to have a satisfied
consumet, it is important to deliver a product free from defects, consistent with all previous
batches with a corresponding sensory profile [9].

2. Sensory Analysis Applied to Beer
2.1. Sensory Analysis in General

Sensory analysis is defined as a science discipline dealing with the evaluation of
flavored sensations. It emerged as a scientific discipline in the 20th century, and was
defined as evaluation of organoleptic character of foodstuff and exclusively by human
senses [10]. Nonetheless, sensory analysis was a crucial part of human history, and it was
used in the determination of edible and non-edible substances, as well a distinct evaluation
of different and preferable foods.

Sensory evaluation consists of five basic senses [10]:

- Olfactometric—smell;
- Gustatory-taste;

- Haptic-touch;

- Optic—vision;

- Acoustic-hearing.

Senses of smell and taste are narrowly connected, and if one of them is corrupted,
the other will be less sensitive to stimuli. Human tongue and taste receptors are shown in
Figure 1.

Since beer is such a complex beverage, consisting of many volatile compounds, it is
important to use all senses, including smell.

There are several conditions that should be met when it comes to beer sensory evalu-
ation: taste neutralizers such as salami (not spicy or too salty), cheese (sans aromas and
spices), and bread (plane white) [9,10] should be used. Technical conditions that are re-
quired for a successful sensory analysis of beer include appropriate glassware, number of
samples (6-8 per hour), amount of the sample in the glass, technique of degustation, time
of the analysis (ideal is between 10-11 A.M.) [10].
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Figure 1. Scheme of human tongue and taste receptors position.

2.2. Analysing Beer

What to for look in beer? What defines the quality of beer? Why conduct a sensory
analysis? Certainly, some of the important components and quality traits are the visual
attributes such as foam volume, foam persistence, color, and clarity. Usually, they correlate
with the consumers’ first impression, leading to a liking or disliking response. Alcohol
content (correlated with sweetness), carbon dioxide content (also related with the visual
attributes, mouthfeel and release of aromas), and the absence of off-flavors greatly affect
the acceptance among the consumers [11-14]. Characteristics of beer quality (or of good
beer) are [10] generally dependent on the beer style, but some basic properties include:

Pleasant characteristic smell;

High mouthfeel;

Good fulness (body);

Bitterness with a good quality (not astringent);
Without off-flavors.

The evaluator has to know and understand the basic beer production process and raw
materials used for production. This is important, since many aromas and tastes originate
from different raw materials.

As mentioned before, sensory analysis of beer is complex since beer consists of over
800 chemical compounds. The dynamics and mechanisms of aroma release from model
systems show that aroma release in alcoholic beverages is more complex than in other
beverages and that further studies are required to provide insights into how aroma is
perceived in a glass prior to consumption. To avoid discrepancies and obtain uniform
results, panelists are asked to follow the same tasting procedure for each sample [15].

To assess the appearance, beer foam for head depth, bubble size and color and lacing
(foam adhering to the glass during consumption) should be evaluated. Beer color and
clarity should also be considered. Some sensory evaluation methods [8] do not consider
the appearance since it can be quantified by using physical-chemical methods in the lab
which are considered to be objective.

Aroma can be best evaluated after swirling the beer in the glass. A lid or a hand
can be used to trap the volatile components into the headspace of a glassware. After the
lid is removed, it is important to remember the initial aroma. Certain notes will surely
pop out right away, such as sulfuric compounds. Small sniffs are required to identify any
other volatiles.

Taste can be detected to take a sample into the mouth and swirl to cover all of the inside
of the mouth and tongue. It is important to completely fill the mount with beer because,
as can be seen from Figure 1, taste buds for different tastes are located on different parts
of the tongue. For example, bitterness can be detected toward the back of the tongue and
after swallowing. Mouthfeel, a different characteristic, can parallelly be detected during
tasting. The aftertaste can be recognized after swallowing [15]. Mouthfeel is a sensation of
the haptic perception of the food product on the surface of the oral cavity (the sparkling
of carbon dioxide, the oiliness of fats, and astringency) [16-20]. All components sum up
the perceived flavor as a result of complex reactions between the senses, as can be seen
from Figure 2. A good example is when beers with higher CO, content taste more sour but
less astringent.
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Figure 2. Example of spider graph.

3. Sensory Analysis Requirements

To provide objective sensory analysis and to avoid greater mistakes while evaluating,
many requirements have to be met, but first and foremost is to choose a leader of the panel.
A dedicated leader who would meticulously take care of all the preparations, supervise the
analysis and analyze the results if necessary. A leader has to govern and organize many
things, yet this can become tedious, so the leader must also work on being motivated and
on top of things all the time [9]. Things to considered if being a leader are reported in the
following sub-sections.

3.1. Space and Equipment

Space in which the sensory analysis would take place has to be suitable for it. It would
be ideal if it would be a dedicated room with tasting booths, natural lighting, and a kitchen
with running water, a fridge and a dishwasher [9].

In case this is not available, the room should be separated to avoid noises and strong
smells, especially if the analysis is done in the production facility. Besides, it should be clean
and bright and provide enough space to accommodate all of your panelists comfortably.
Additional requirements include stabile temperature (21 °C), air humidity around 80%,
panelist should be separated by panels, there should be no carpet in the room, colors should
be neutral and no smoking allowed [9,10].

3.2. Samples

Samples should be collected and stored correctly. Storage temperature should be kept
cool, at approx. 4 °C. Minimal temperature should be no less than 2 °C and storage time
should not be longer than 2 or 3 weeks prior to testing. The storage facility should be dark,
no UV light in it and no strange odors are allowed (musty notes can enter beer even through
the bottle cap). However, serving should be done at room temperature. Samples should be
anonymous and served randomly. Identification can take place after the testing [4,9,10].
Samples are to be poured into the glass prior serving them to the panelists. Additionally, if
more than one package of the same beer is to be served to the panelists, it is good to open
multiple bottles and combine them into one serving glassware to avoid uneven flavors.
Namely, flavors and smells in one bottle can be significantly different than the ones in
another bottle so it is better to mix it up and make a uniform serving [4].

Samples are to be designated with three-digit numbers, not with only one number or
letter. To avoid bias reaction from the panelists, it is recommended to shuffle the samples,
make their distribution random [4].
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3.3. Sensory Methods

Choosing the appropriate sensory method that can be applied by all of your panelists
is very important. Documents that can comprehensively unite all of the information,
and appropriate and correct labeling of the samples is crucial for further analysis [9]. A
more detailed overview of this subsection will be elaborated in Section 4. Methods of
sensory analysis.

3.4. Panel

Even though participation in a sensory panel seems like a reward for the employee,
it can be a difficult task. However, this analysis is just as important as any other quality
analysis, chemical or microbiological. In order to get a functional panel, you have to
consider the human factor, meaning that physical and physiological state of a panel member
can influence the result. A runny nose caused by colds or allergies directly impact the
ability to taste, but other conditions, such as stress, can also impair concentration and the
capacity to taste. Human factor also includes the susceptibility to assume what is expected
from the panelist so he/she can act upon it or try to find out the opinion of other panel
members. Panelists can become unobservant or tired of perpetual analysis. This can be
resolved by implementing different (competitor) beers or impaired samples (spiking with
flavor standards) [9].

Panelist familiar with the product should only be used for descriptive or difference
testing. They should not be used for any type of preference testing or any testing relating
them to a “traditional” consumer.

The goal of every training program is to recognize the possibilities for every beer
sensory panelist and to help him achieve his maximum in distinction as much flavors
and smells as possible. Adopting a standardized lexicon that can help him describe the
sensations is also an imperative [2].

Starting sessions can be done in a fortnight, every day during weekdays. The program
has to be short, but efficient, in order not to provoke any resistance toward it. To increase
the flexibility, programs should be standardized and provide easily accessible leaning
materials adjusted to all types of candidates [2].

4. Methods for Beer Analysis

Different sensory analysis methods are used in beer evaluation. Each of them has a
purpose to give the investigator the needed information. Generally, there are five basic
sensory evaluation methods: difference tests, descriptive tests, ranking tests, free-choice
test, drinkability test. Sometimes a mixture of methods is needed in order to get the full
picture on investigated properties [2]. Some of the tests and their applications are shown
in Table 2.

Most common sensory tests in the brewing industry are triangular and tetrad tests
(difference tests). Duo-trio test and 2-out-of-5 tests are also descriptive tests that can be
used in brewing industry. Difference tests are useful if you aim to determine if there
is a detectable difference between samples with triangular test being the most widely
used test in the industry. However, in order to obtain statistically important data, at least
24 participants are needed. This test informs the investigator that there is a detectable
difference (or not), but it provides no information about the intensity or the nature of
difference. It is approachable since it requires no training and anyone can do it. Tetrad test
is similar, but it requires a tester to pair up the two different beers (you get two samples of
beer A and two samples of beer B). The number of panelists in a tetrad test is only 8, and it
is more facile to pair the same samples than to find the odd one [9].

In case you need a more detailed sensory report, i.e., to determine and describe the
flavor profile of a beer, a descriptive test is the correct choice. The accurate identification
of a problematic smell or taste demands the knowledge of sensory analysis terminology
in brewing, and mostly requires trained panelists. Descriptive tests rely on free-choice
profiling and QDA® (quantitative descriptive analysis®) tests [9]. Free-choice profiling
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can be conducted with no training. They taste the beer and give their own description of
any impression they detected. QDA® relies on the identification of flavors present in the
beer, but also to quantify their intensity. The scale of quantification can be arbitrary, but
identical for all panelists. This method requires intensive and continuous training of at least
8-10 panelists [9].

Certainly, one of the more interesting sensory tests is the drinkability test. It basically
consists of giving several kinds of beer (different malt/adjuncts ratio; degree of attenuation)
to the consumers. Each beer is given to a healthy volunteer at the rate of 3 mL/kg body
weight in spaces of 15 min apart. The drank volume gets noted, so the beer resulting
with the highest drank volume is designated as highly drinkable. Other factors, such as
stomach fullness or tastiness can be observed as well [21-24]. An excellent paper written by
Cejka et al. [25] extensively describes the drinkability method and offers different evaluation
techniques for this test. Cejka et al. report that drinkability method fundamentally differs
from the sensory evaluation since the aim of sensory evaluation is to acquire details about
beer’s organoleptic properties via trained panelists while drinkability can be carried out
with dedicated consumers. The aim of this test is to invoke the subconscious preferences of
a consumer while drinking beer in a relaxed atmosphere, which is best done by using a
Mondiac Research Design. The preferred beer (measured in drank volume) will be judged
as preferable [25].

Dynamic methods (measured over time) are taking place in beer sensory analysis.
Wakihira et al. [26] reported an interesting article about drinkability using a dynamic
method Temporal Dominance of Sensations (TDS) focused on flavor attributes [27]. TDS
is a descriptive multi-attribute methodology and regards to attribute interactions [28]. It
involves the description of the general product perception resulting in a real-time flavor
profile [29]. In short, TDS provides supplementary temporal information, perceived during
the drinking process, and relates them with qualitative changes not measurable with the
usual sensory profile analysis methods. This method saves more time than other dynamic
methods [30].

Table 2. Common sensory analysis used in breweries, adapted from [2,31-42].

Method Example Type of Evaluator Application
Triangular test To find the difference between
Difference test Duo-trio test Panelist two or more samples.
Directional Difference To match the identical samples

Descriptive test

Defining the profile of taste They provide a quantitative

Quantitative-descriptive Panelist measure of chare}cterlstl_cs thafc
analysis® allows for comparison of intensity

between products

Preference test

Preference test should be
Consumers performed separately and after a
difference test

Paired comparison
A-not A test

Drinkability test

Measuring the consumed Measuring the drinkability of one

Consumers

volume of preferred beer beer as oppose to another
Identification of relations between
Hybrid descriptive analysis Determination of choice Panelists and consumers the products and segregathn of
consumers based on their
preferences
9 point hedonic scale ' Ranking tf'est ' Panelists Measuring the 1nten51Fy of one or
Magnitude determination test more properties

The results reported by [26] emphasized the importance of monitoring dynamic
wanting over sips since product differences in wanting were nonexistent at the beginning
and over time became more important. It turned out that the product with the highest
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wanting score was designated as lower in standout flavor. This implies that beer with
greater sensory load is not as desired as the one with less flavor.

Sensory analysis is a very important economic factor. For example, if the difference
test is not done properly, the consequence could be a drop of beer sales since the consumers
notice the difference in beer quality and dislike the non-consistency in production. More
examples are noted in Table 3.

Table 3. Efficiencies of sensory analysis, adapted from [2].

Method

Consequences of Failed

Mission L
Mission

Example

Difference test

Directional Difference

To perceive the consistency
in production
To perceive if the production operations
have any influence on flavor
To perceive if beers produced in one
brewery taste the same as the ones
produced in another brewery

Non-consistent beers
Consumers notice the
non-consistency
Sales drop

Triangular test
Duo-trio test

Slow problem-solving

To perceive what makes a beer different response

Defining the profile of taste from other beers Unsolved issues of flavor and
Descriptive test Quantitative-descriptive To measure these differencesTo taste

analysis® precisely determine the problem soit ~ Consumers notice the changes

could be fixed in quality

Sales drop

Preference test Paired comparison To understand what beer Sales drop

A-not A test consumers like

Measuring the volume of

To correlate the relationship between

Lack of understanding the key
influences on drinkability

Drinkability test preferred beer the production process and drinkability Consumers do not consume
beer as much as possible
Sales drop
The need to know which beer the Consumers can be offered by
Hybrid descriptive o . consumers like a beer they do not like or at a
. Determination of choice .. . .
analysis The need to divide consumers into wrong time
groups, depending on their choices Sales drop
Ranking test
. . . L T h .
9 point hedonic scale Magnitude determination © unde.r stand what makes a beer Bad attention to the company
test different from others

In any case, to conduct a sensory analysis and to obtain reliable data, a panel needs to
be formed and educated. The most important part of the beer sensory evaluation training
is the use of standardized, internationally recognized terminology. The combined efforts
of the European Brewing Convention, American Association of Brewing Chemists and
Master Brewers of America resulted in standardized terminology graphically expressed
via The Flavor Wheel [2,15]. The Flavor Wheel can be accessed and seen in different
literature [6,7,15,20,43] that reproduced the wheel with permission from the American
Society of Brewing Chemists, St. Paul, MN, USA. The Flavor Wheel consists of different
flavor terms that are usual in the brewing technology. It is composed of 14 different
classes (basic terms), familiar in the brewing industry (aromatic, cereal, mouthfeel, etc.). To
narrowly describe a flavor, classes are divided on 1st tier terms (alcoholic, solvent-like, etc.)
and 2nd tier terms (spicy, woody, walnut, etc.). There are 44 objective terms of the first tier
and 78 terms of the second tier [44,45].
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5. Analysis and Interpretation of Sensory Tests Data

Upon finishing the sensory analysis, data are expected to be handled, analyzed and
interpreted. Each sensory test can be analyzed in different ways using different statistical
methods. Here is where the panel leader finishes his role. Certain sensory procedures
can be analyzed by calculating the average responses for individual attributes or quality
ratings. Statistical significance should always be calculated since it can be important in
understanding the extent to which differences in mean responses can be relied upon when
comparing results from two or more samples [4,9]. Statistical tests can assume that the data
fits a predefined distribution pattern—parametric tests, or they can make no assumptions
about the distribution of the data (non-parametric tests). The usual data analysis relies
on Chi-squared test, F-test, T-test, Kramer’s rank-sum test, Friedman test, and Analysis
of Variance (ANOVA). Basic statistical analysis can be carried out using different mathe-
matical and statistical applications and tools approachable to wider audience. However,
multivariate analysis, which includes principal component analysis, Generalized Procrustes
Analysis, and cluster analysis, can be used to determine the correlation within complex
data sets [4,9]. Today, almost all application for statistical analysis have the possibility to
generate graphics, which are a great way of visualizing complex sets of data. For example,
QDA data is often used to generate spider (Figure 2) or waterfall graphs [9].

After the data analysis reports are done and the conclusion has been set, the panel
leader gives the results to the designated person in breweries, who will take appropriate
action based on the results. Sometimes the results require no action, i.e., not to change the
recipe or the process parameters if the sample tested good on sensory analysis. In another
case, if samples fail to comply with the specification, reports should provide sufficient
guidance to brewers to allow them to make targeted improvements [4,9]. Further on, one
cannot designate a product as “unsatisfactory” if no specific quality defects are identified,
so it is important to state at least three errors that would result in an improvement in the
quality score.

Data management is an important job, so collecting data in the most efficient way
and extracting the possibilities for improving the quality are challenging. Staff should be
presented with the results only if they represent a valid and uniform set of data, meaning
that tests should have been carried out with a sufficient number of well-trained assessors,
of known competence, under conditions specified by the test procedure [46].

Assessment of test method validity can be done via international standards (ISO
17025) [47].

6. Conclusions

A chimera of different sciences and scientific disciplines needed to narrow and deepen
the knowledge of taste and flavor of beer. There are useful sensory methods and tests,
but they all require a dedicated leader and panelists. Training can be more or less exten-
sive, adjusted to the test that would be conducted, but the experiment should always be
well-designed.

Future trends inevitably include the development and implementation of different
computer sciences, digital analytical methods and even artificial intelligence (Al) into the
food and beverage safety and analytics, but human senses will always be irreplaceable
when sensory analysis is in question.
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