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Cilem publikace je podat prehled o vyznamu a definici pojmu pitelnost piva, o faktorech, které ji ovliviiuji a 0 metodach jejiho hodnoceni.
Pitelnost piva je v§eobecné chapana jako vlastnost piva, ktera nabada konzumenta k dalSimu napiti. Spociva v celkové harmonii chuti,
viiné a vzhledu tohoto napoje; zakaznik se musi tésit na dalsi sklenici.

PFi hodnoceni pitelnosti je tfeba postupovat odliSné od bézného senzorického hodnoceni piva. Pfedmétem sledovani musi byt pfedevSim
fyziologicka, tedy nevédoma reakce spotrebitele, a ne reakce védoma, ktera vychazi z jeho nazort, zvyklosti atd. To Ize provést sledovanim
zplsobu jeho chovani pfi konzumaci napoje, tj. jaky je ¢asovy profil konzumace. Lze predpokladat, Zze pivo pobizejici k dalSimu napiti
(piteln&jsi pivo), bude konzumovano rychleji nez pivo méné pitelné. Cili objem spotfebovaného piva v uréitém &asovém useku bude ko-
relovat s pitelnosti piva. Z této skute¢nosti vychazeji i navrzené metodiky stanoveni pitelnosti piva, k jejichz vyhodnoceni se pouziji ma-
tematicko-statistické metody.

Cejka, P. — Dvorak, J. — Kellner, V. — Culik, J. — OlSovska, J.: Drinkability of beers and the methods applied for its assesment.
Kvasny Prum. 57, 2011, No. 11-12, p. 406—412.

The aim of this study is to outline a definition for beer drinkability, the influencing factors and the methods applied for its assessment.
Drinkability of beer is generally understood as a beer attribute which encourages the consumers to drink more. It implies the total harmony
of flavour, aroma and appearance of a drink. The consumer must be looking forward to drinking the next glass.

For the evaluation of drinkability different approaches other than for sensory assessment must be applied. The issue is mainly physi-
ological; hence an unconscious reaction of the consumer and not a conscious reaction based on his mind or habit. These could be factors
accomplished by monitoring his drinking behaviour with regard to a time profile. It is assumed that beer which encourages drinking (beer
with higher drinkability) would be consumed faster than a beer with lower drinkability. This means that the volume of beer drunk in a definite
time will correlate with the beer drinkability. The suggested methods for drinkability assessment are based on this fact. Statistical methods
were used for their evaluation.
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Der Artikel befasst sich mit der Bedeutung und der Definition des Begriffs , Trinkbarkeit des Bieres", mit den die Trinkbarkeit beeinflus-
senden Faktoren und mit den zur ihren Auswertung angewandten Faktoren. Allgemein unter dem Begriff , Trinkbarkeit® ist eine Bierei-
genschaft gemeint, die den Bierkonsument zum weiteren Biertrinken fordert und gestaltet eine gesamte Geschmack- , Duft- und Aus-
sehensharmonie des Getrankes, der Kunde muss sich freuen, ein weiteres Glass genieBen zu diirfen. Im Vergleich mit laufender
sensorischen Bierauswertung man muss mit der Auswertung der Trinkbarkeit anders arbeiten, der Forschungsgegenstand ist vor allem
die physiologische (also eine unbewusste) Reaktion, also im diesen Falle handelt sich nicht um die bewusste Reaktion, die durch die
Gewohnheit oder durch die Ansicht des Biertrinkers usw. beeinflusst werden kann. Die unbewusste Reaktion kann durch die Verfolgung
des Biertrinkerverhaltens wahrend des Trinkens festgestellt werden, das hei3t, man muss ein Zeitprofil der Bierkonsumation feststellen.
Es ist klar, dass man ein gutes Bier mehr und schneller trinkt als das Bier mit schlechter Qualitét, dass hei3t im einem Zeitraum die
Menge des Bieres, was der Biertrinker getrunken hat, der Bierqualitét entspricht. Aus dieser Tatsache werden die Methodiken zur Fest-
stellung der Biertrinkbarkeit zusammengefasst, weiter werden die mathematisch-statistische Methoden zur Verarbeitung der Ergebnisse

angewandt.
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1 UVOD

Prodat co nejvétsi mnozstvi piva je hlavnim cilem kazdého pivo-
varu, bez ohledu na zemi a typ piva. Piti piva poskytuje radost a za-
hrnuje vnimani viné, chuti, ale i barvy, Cirosti a pény. V§echny tyto
atributy se stavaji faktorem pozitku. Je ale tfeba si uvédomit, ze de-
finice ,nejlepsi pivo“ je osobni. Vybér profesionalniho sladka je prav-
dépodobné odlisny od vybéru Cloveka, ktery nikdy nemeél co do Cineni
s pivovarskou technologii. Cili pivo, které ma nejradéji profesionalni
pivovarnik, nemusi byt nutné preferovano vétSinou konzumentd.
Z toho automaticky vyplyva, ze toto pivo nemusi byt nejvice proda-
vano [1, 2].

Vnimani piva konzumenty je ovlivnéno mnoha faktory. Anticipace
(o€ekavani, predjimani) produktu je pravdépodobné zaloZena na cha-
rakteru baleni a prezentace [3] a ovliviiuje chovani konzumenta jesté
pfedtim, nez je pivo nato€eno. Pfirozena kvalitativni kritéria jako péna,
barva, ¢irost a senzorické vlastnosti individualné a interaktivné ovliv-
fAuji pfijatelnost piva. Informace spojené s pivem tedy mohou pusobit
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1 INTRODUCTION

To sell the largest amount of beer is the main target of each brewery
regardless of the country or the type of beer. Drinking beer provides
a pleasure and includes a perception not only of aroma and flavour
but also of colour, clarity and foam. All these attributes become a part
of the pleasure. Nevertheless, the definition of “the best beer” is very
individual. A professional brewer will probably choose a different beer
than a person without any experience in the brewing industry. This
means that a beer preferred by a brewer need not necessarily be pre-
ferred by the majority of the consumers and need not be a best seller
[1, 2].

Beer evaluation by the consumer is influenced by many factors. Prod-
uct anticipation is apparently based on the kind of packaging and pre-
sentation [3] and influences the consumer behaviour even before the
beer has been served. The natural quality criteria such as foam, colour,
clarity and sensory properties influence the acceptability of the beer
both individually and interactively. Therefore professional information
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na preferen¢ni chovani [4, 5]; napfiklad znalost technologického po-
stupu maze mit vliv na hodnoceni senzorického panelu. Aby mohla
byt provedena zasvécena rozhodnuti o pozici piva na trhu, sladek
musi chapat konzumentlv nazor a brat na néj zietel. Pivovarské pod-
niky a spole€nosti by mély zjistovat, jak konzumenti piva chapou jejich
produkt, a mély tak zpétnou vazbu, ktera jim umozni Iépe se pfizpu-
sobit jejich nazorlim a pozadavkim.

V poslednich letech se etabloval v pivovarstvi jako jeden z vyznam-
nych atributl senzorické kvality piva termin ,pitelnost” (napf. v r. 2006
byla Pitelnosti/ Drinkability vénovana celd védecka konference v Edin-
burgu).

Cilem této studie je definovat termin ,pitelnost“ a popsat faktory,
které ji ovliviiuji, shrnout v8echny dosavadni poznatky, které byly
v této problematice dosazeny, a kone¢né navrhnout nové metody, kte-
rymi Ize ,pitelnost piva“ porovnavat.

1.1 Vyznam a definice terminu ,,pitelnost*

Fenomén pitelnosti je pfedmétem vyzkumu a existuje mnoho defi-
nic, kterymi Ize pitelnost popsat. Pivo, které ma vysokou pitelnost, Ize
jednoduse definovat napfiklad takto: ,Pivo musi zakaznikovi chutnat
a musi se tésit na dalsi sklenici*. Pitelnost také mGze byt definovana
jako ,viastnost piva, ktera zabrariuje konzumentovi v tom, aby se citil
presyceny, jestlize zkonzumuje vétsi objem piva“. Pravdépodobné
a vzhledu stimulujici k napiti*.

Existuje zasadni rozdil mezi senzorickym posouzenim piva a jeho
pitelnosti. Cilem hodnoceni organoleptického charakteru piva meto-
dami senzorické analyzy je ziskani co nejpfesnéjSiho popisu jeho
senzorickych vlastnosti. Objektivni senzorickou analyzu vétSinou pro-
vadeéji vyskoleni, pravidelné trénovani a vyzkouSeni specialisté, ktefi
jsou schopni spravné a komplexné zhodnotit organolepticky charakter
predlozeného vzorku, popt. posoudit rozsah odchylek konkrétniho vy-
robku od stanoveného standardu. Postupy senzorického hodnoceni
jsou dobfe popsany (napf. Analytica EBC) [6]. Vysledky ziskané timto
zpUsobem je mozné vyuzit k odpovédim na otazky tykajici se kon-
krétnich senzorickych vlastnosti plynoucich ze zptsobu vyroby, skla-
dovani piva atp. Posouzeni pitelnosti na rozdil od senzorického hod-
noceni, jak bude podrobnéji vysvétleno dale v textu, mize provadét
hodnotitelska komise z fad poucenych laik(.

1.2 Historicky vyvoj metod stanoveni pitelnosti

| kdyz byla v minulosti publikovana fada praci zabyvajici se stano-
venim pitelnosti, nebyl dosud popsan zadny, Siroce akceptovatelny
a ve smyslu védecké metodiky pfijaty postup stanoveni pitelnosti piva.

V roce 1979 autofi Ferkl a Cufin [8] studovali zmény organoleptic-
kych parametrt piva ve vztahu k uziti surogatt a zkraceni dokvaso-
vani piva. Tato piva poté testovali metodou, ktera byla zalozena na
klasifikaci piv posuzovateli po uhaSeni zizné a po vypiti 0,5, 1a 1,51
piva. Po konzumaci kazdého objemu vyjadfovali posuzovatelé miru
ochoty k dalSimu napiti pomoci hodnoceni na strukturované $kale,
ktera obsahovala pét stuprid [9]. Tuto metodu Ize povaZovat za jednu
z prvnich metod stanoveni pitelnosti. French et al. [10] korelovali pi-
telnost s vyslednou Zizni po konzumaci piva. Posuzovatelé byli po-
zadani, aby hodnotili pivo kazdych 15 min. Mezi vzorky bylo vzdy kaz-
dému subjektu servirovano pfedem uréené mnozstvi vody; pfesny
objem vypité vody byl vztazen k Zizni zpUsobené vypitim piva tésné
pred tim. Guinard et al. [11] se snazili definovat, které senzorické, zi-
zen hasici atributy, ur€uji charakter piva. Autofi dosli k zavéru, ze pi-
telnost, obCerstvujici schopnost a haSeni zizné jsou v silném vzajem-
ném vztahu. Riz piva a hustota bublin byly statisticky signifikantni
atributy pitelnosti. Autofi také dospéli k ndzoru, Ze senzoricky dojem
ha$eni zizné je spojen s vysokou hladinou fizu piva a nizkou celkovou
intenzitou viiné. Nagao [12] osvétluje post-ingestivni vliv piva na pi-
telnost. Autofi méfili objem Zaludku a korelovali tuto hodnotu se sen-
zorickym hodnocenim piva. Taz skupina vyzkumnikd dospéla v r. 1999
k zavéru, ze rychlost vyprazdiiovani zaludku koreluje s kladnym sen-
zorickym hodnocenim piva.

1.3 Faktory ovliviujici pitelnost piva
Komplexni pfehled faktor(, které ovliviiuji pitelnost piva, je uveden
na obr. 1. Z obrazku je patrné, ze tyto faktory Ize rozdélit na tzv. kon-
trolovatelné, neboli ovlivnitelné, které Ize néjak specifikovat, a nekon-
trolovatelné, které se nedaji nijak ovlivnit, a které jsou dany vnéjSim
prostfedim. Takoveé faktory plsobi na konzumenta pouze podvédomé.
Celkoveé Ize pusobici faktory shrnout do nasledujicich skupin [7]:
1. Charakteristické vlastnosti konzumenta (vék, pohlavi, socialni po-
staveni, zizefi, nasycenost, fyzicka kondice atd.) a jeho zvyky spo-
jené s pitim piva;

about beer can influence the preferences [4, 5]; for example, the knowl-
edge about the technological process can have an impact on the eval-
uation by a sensory panel. The brewer must understand the view of
the consumer and take it into account, if he wants to make a profes-
sional decision about the position of the beer in the market. The brew-
eries should monitor consumer opinion about their products to get feed-
back which allows reacting better to their ideas and demands.

For the last two years the term “drinkability” has established itself
as an important attribute in the sensory evaluation of beer quality. In
Edinburgh in the year 2006 the whole scientific congress was dedi-
cated to drinkability.

The aim of this study is to define the term “drinkability”, to describe
influencing factors, summarize all pieces of knowledge about this
topic and lastly to suggest a new technique for the evaluation of drink-
ability.

1.1 The Meaning and the Definition of Term “Drinkability”

The term drinkability is a research topic and can be described by
several definitions. For example, beer with a high drinkability could
be simply described as follows:

“The beer must be tasty for the consumer and he must be looking
forward to drinking another glass”. Or, the drinkability could be defined
as ‘the characteristic of beer which prevents the consumer feeling
saturated in the event that he would drink a larger volume of beer’.
Probably the most poignant definition is: “The drinkability of beer is
a harmony of taste, aroma and appearance which stimulates taking
a sip”.

There is a fundamental difference between a sensory evaluation
of beer and its drinkability. The aim of the evaluation of organoleptic
properties of a beer using methods for sensory analyses is the ac-
quirement of the most accurate specification of its sensory properties.
Objective sensory analyses are usually carry out by regularly trained
and proven professionals who are able to correctly and comprehen-
sively evaluate the organoleptic properties of the sample and judge
its deviation from a set standard. The approaches for a sensory eval-
uation are described among other topics in Analytica EBC [6]. The
results obtained in this way could answer questions about particular
sensory characteristics which are influenced by production, storage
and so on. As will be explained later, the evaluation of drinkability un-
like the sensory evaluation could be carried out by a panel of knowl-
edgeable members of the public.

1.2 Historical View of the Method Development for the
Evaluation of Drinkability

Although, many articles about the evaluation of drinkability were
published in the past no widely accepted scientific approach has been
described up to now.

In 1979 Ferkl and Cufin [8] studied changes in organoleptic pa-
rameters of beer when surrogates were used and the secondary fer-
mentation was shortened. These beers were tested using a method
based on their classification after thirst quenching and after drinking
0.51and 1.5 of beer. After consumption of each volume the evaluators
judged the desire for further drinking by means of a structured scale
with five levels [9].

This method could be considered as one of the first methods for
the evaluation of drinkability. French et al. [10] made a correlation be-
tween the drinkability and the final thirst after beer consumption. The
evaluators were asked to test the beer every 15 minutes. In the time
between the evaluations a set volume of water was served to each
of them. The exact volume drunk was compared to the thirst caused
by the previous beer drinking. Guinard et al. [11] tried to appoint spe-
cific sensory attributes of beer which cause thirst quenching. The au-
thors concluded that the drinkability, the refreshing ability and thirst
quenching attributes have a strong correlation. The sharpness of the
beer and the fine bubbled foam were statistically significant attributes
correlating with the drinkability. Additionally, the sensory impression
of thirst quenching is combined with a high sharpness and low total
aroma intensity of the beer. Nagao [12] elucidated the post—ingestive
effects on beer drinkability. The authors measured the stomach vol-
umes and compared them to sensory evaluations of the beer. In 1999,
the same authors found out that the speed of stomach emptying cor-
relates with a positive beer ranking.

1.3 Factors influencing Beer Drinkability

The complex overview of factors influencing beer drinkability is
shown in Fig.1. Figure 1 distinguishes between “controlled” factors
which could be affected and specified and “non-controlled” factors
which could not be affected and which are given by the external at-
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Obr. 1 Faktory ovlivriujici pitelnost [1]

2. Senzorické faktory (typ piva, harmonie jeho jednotlivych slozek,
cizi chuté a viiné nebo stara chut);

3. Fyzikalni faktory (barva piva, vyska a charakter pény, teplota, tvar
a barva sklenice);

4. Kognitivni vlastnosti (informace, zkusenost, vzpominky, pfesvéd-
¢eni, o¢ekavani spojené s napojem);

5. Vnéjsi faktory (denni doba konzumace, okolni prostfedi, konzumo-
vané jidlo);

6. Fyziologické faktory ( tvofené absorpcnimi vlivy, které jsou spojeny
s biochemickymi reakcemi poté, co komponenty, jako napf. amino-
kyseliny a cukry, dojdou do traviciho traktu, a dale ingestivnimi vilivy
spojené s travenim jidla nebo napojt).

2 VYVOJ NOVE METODIKY PITELNOSTI
PIVA

2.1 Cil a pouzitelnost metodiky

Cilem metodiky bylo definovat standardni postup hodnoceni pitel-
nosti piva, ktery umozriuje objektivni porovnani dvou (event. vice)
vzork( piva, pfiemz objektivita je zaruena tak, Ze vSechny vnéjsi
faktory ovliviujici posuzovani byly v maximalni mozné mife znahod-
nény. Zaroven jsou testy vedouci ke koneénému porovnani koncipo-
vany tak, aby bylo mozno k jejich objektivnimu vyhodnoceni vyuzit
matematicko-statistické metody [13, 14].

Metody jsou pouzitelné pro jakoukoli dvojici piv (vyjime¢né vice),
kterda se mohou lisit v jednom nebo vice znacich. Napfiklad pro dvé
rliznd piva, pro piva lisici se jednim znakem (napf¥. barvou nebo hof-
kosti), pro ochucena i nealkoholicka piva (posouzeni, které aroma je
vhodnéjsi), ale téz pro zcela stejna piva nalévana z rliznych sklenic
(cilem mUze byt zjisténi, ktery typ sklenice je pfihodnéjsi) atd. Metoda
je vhodna nejen pro odborné komise, ale napf. i pro marketingové
prizkumy, které vyuzivaji hodnotitele z fad poucenych laiku.

2.2 Technické zazemi a pozadavky na hodnotitelskou komisi

Hodnotitelé musi mit legalni vék pro piti alkoholu, méli by kupovat
a uzivat dany produkt (cca 50 % pravidelni, cca 50 % obc&asni), v hod-
notitelské komisi by neméli byt zarazeni hodnotitelé, ktefi pivo nepiji.
Pomér muzl k Zenam by mél byt asi 60 % ku 40 %.

Jako neutralizator chuti (degustacni sousto) je nejvhodnéjsi bilé
neslané pecivo nebo chléb, jemna uzenina a nevyrazny syr. Hodno-
titelé musi mit pfed sebou dostatek mista na vzorky piva, protokol
a degustacéni sousto.

VSechny vzorky musi byt podavany jako anonymni. Nejvhodné;si
je oznacit je kddy, tak aby hodnotitelé nebyli ovliviiovani chovanim
svych souseda.

Srovnavaci test |ze uplatnit v degustaéni mistnosti vybavené boxy
(pak se vzorky nemusi podavat anonymné) nebo v bézné mistnosti.

Pro monadické testy je vhodnéjsi spoleCenska mistnost, kde hod-
notitelé sedi u stold. Pfi hodnoceni je dovoleno volné konverzovat,
aby piti probihalo spiSe podvédomé nez védomé.

Objem jednotlivych vzork( piva neni strikiné pfedepsan (doporu-
Cuje se objem asi 200 az 350 ml), vzorky musi byt nality do sklenic
tak, aby tento objem byl pfesné znamy a konstantni.

Roznaseni vzork( musi byt zaji§téno dostate¢nym mnozstvim obs-
luhujiciho personalu, ktery naléva vzorky do sklenic a podava je hod-
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Controllable factors
'f Place | Food Product nfsbiad
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!
Political and legal Compatitive
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Fig. 1 Factors affecting the drinkability [1]

i

mosphere. The “non-controlled” factors only influence the consumer

subconsciously.

The influencing factors can be summarized into the following groups

[7]

1. Specific features of the consumer (age, sex, social position, thirst,
satiation, physical condition and so on) and his beer drinking habits

2. Sensory factors (kind of beer, harmony of the individual compo-
nents, off-flavour, foreign odour or stale taste)

3. Cognitive factors (information, experience, memories, conviction
and expectations regarding the beer)

4. External factors (daily time of consumption, atmosphere, meal con-
sumed)

5. Physiological factors (built by the absorption effects coupled with
biochemical reactions after the food components such as amino
acids and sugars have reached the digestive tract and the post in-
gestive effects associated with the digestion of food and drinks)

2 DEVELOPMENT OF NEW TECHNIQUES
FOR DRINKABILITY ASSESSMENT

2.1 Aim and Applicability of the Techniques

The aim of this study was to define a standard approach for the
evaluation of beer drinkability which enables an objective comparison
of two or more beer samples. The objectivity of the technique is guar-
anteed by the fact that all factors which influence the evaluation were
randomized as much as possible. Equally, the test for the final com-
parison was conceived in a way that statistical methods are applicable
for its objective evaluation [13, 14].

The technique can be used for any pair of beers (exceptionally even
for more beers) which can differ in one or more parameters such as
for two different types of beer, for beers differing in one parameter
such as colour or bitterness, for flavoured or non-alcoholic beers (in
the case of an assessment of preferable aroma) or even for the same
beers served in different glasses. The method is appropriate not only
for an expert panel but also for market research using members of
the public as the evaluators.

2.2 Technical Background and Requirements for the Testing Panel

The panellists must have reached the legal age for drinking alcohol.
They should buy and consume the tested product; 50 % of them reg-
ularly and 50 % of them occasionally. The testing panel should not
include persons which do not drink any beer. Roughly 60 % men and
40 % women should be chosen for the panel.

The taste neutraliser should consist of white non-salty bread rolls
or bread, fine smoked meat or bland cheese. The panellists must have
enough space for the beer samples, the testing report and taste neu-
tralisers.

All samples must be tested anonymously and labelled with codes
in a way which eliminates any influence from other evaluators.

The pair comparison test could be conducted in a tasting room
equipped with cubicles (in this case the samples need not be anony-
mous) or in an open room.

For the Monadic research design a club-like room is preferred. The
evaluators should sit around a table and free conversation is allowed.
The drinking should be more unconscious than conscious.
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notiteliim tak, aby degustujici méli pfed sebou témér neustale vzorek
(vzorky) piva.

Doba hodnoceni neni strikiné uréena, doporucuje se 1-2 h. Pres-
nou dobu hodnoceni vSak zna pouze persondl, hodnotitelim se sdéli
pouze pfiblizné. Hodnotitel vyplfiuje protokol s poétem vypitych piv.
Pokud posledni pivo nedopije, odhadne se, jakou &ast vypil.

Vyhodnoceni vysledki se provadi vyhradné matematicko-statistic-
kymi metodami, aby bylo mozné posoudit, zda rozdily mezi vzorky
jsou statisticky vyznamné [13, 14]. Vypocty Ize provést pomoci vhod-
ného matematicko-statistického software (napf. Statistica, SPSS
atd.). V pfipadé, Ze takovyto software neni k dispozici, Ize vypocty
provést na zékladé postupl, uvedenych v podrobném znéni certifi-
kované metodiky [15]. K takovym vypoctim je potieba pouze bézna
kalkulacka, nebo tabulkovy procesor (excel).

Maximalizace vytéZnosti dat z experimentu Ize dosahnout dodrze-
nim nasledujicich doporuceni:

— délka experimentu by méla byt volena s pfihlédnutim na fyziologii
piti;

— je tfeba maximalizovat poc¢et hodnotitel(;

— vzorky musi byt striktné anonymni;

— je tfeba co nejvice vyloucit ruSivé momenty.

2.3 Metoda stanoveni pitelnosti — varianty posouzeni pitelnosti

Z definice pitelnosti vyplyva, Ze dobré pivo ma spotfebitele pobizet
k dalSimu napiti. Pitelnost je tedy vlastnost piva, kterd zpusobuje
ochotu spotfebitele konzumovat dalsi kapalinu neboli vytvaret pocit
zizné za situace, kdy organizmus ma jiz dostatek nebo prebytek ka-
paliny. Pfedmétem sledovéni tedy musi byt pfedevsim fyziologicka,
tedy nevédoma reakce spotrebitele, a ne reakce védoma, kterd vy-
chazi z jeho ndzord, zvyklosti atd.

Jak jiz bylo uvedeno vySe, pitelnost je ovlivnéna velkym mnozstvim
faktoru. Tyto faktory maji samozrejmeé vécné spravny podklad, avSak
pro pfilisnou slozitost nemohou byt vychodiskem pfi koncipovani vse-
obecné akceptovatelné metody stanoveni pitelnosti piva poskytujici
prijatelné reprodukovatelné vysledky. Vliv téchto faktor(i Ize minima-
lizovat vhodnym uspofadanim experimentu (napt. kognitivni vlastnosti
anonymitou vzork(, vnéjsi faktory stejnym mistem a ¢asem konani
testu; o vlastnostech konzumentt Ize predpokladat, Ze jsou mezi res-
pondenty normalné (gaussovsky) rozdéleny, a proto se vzajemné
kompenzuiji) atd.

Jednou z moznosti, jak posoudit nevédomou reakci konzumenta, je
podrobné prostudovat zplisob jeho chovani pfi konzumaci napoje, tj.
jaky je €asovy profil piti. V urcitém pfibliZzeni I1ze konstatovat, Ze pivo,
které pobizi k dalSimu napiti (a je tedy pitelnéjsi), bude konzumovano
rychleji nez pivo méneé pitelné. Cili, objem spotrebovaného piva v ur-
citém casovém useku koreluje v uréitém ohledu s pitelnosti piva.

Predlozena metodika vychazi ze dvou moznych modell uspora-
dani testu. V prvnim pfipadé si mohou respondenti volit postupné
v kazdém kroku typ piva (vétSinou se jedna o dva vzorky), které chtéji
konzumovat, a zapisuji doby piti nebo vypité objemy jednotlivych piv.
V tomto pfipadé se jedna o tzv. srovndvaci testovani.V pripadé dru-
hém hodnotitelé nemaji moznosti volby a hodnoti pouze jeden pfidé-
leny vzorek neznamého typu piva. Stejné jako v prvnim pfipadé za-
pisuji dobu piti nebo objem zkonzumovaného piva. Tento model se
nazyva monadické testovani. Principem obou variant metodiky je re-
lativni porovnani dvou (event. vice) vzorku piva.

PFi vyvoji nové metodiky pitelnosti byly k vyhodnoceni nejprve vy-
uzivany zaznamenané doby piti jednotlivych sklenic. Kone¢né vyhod-
noceni vSak bylo statisticky narocné a takova metoda by nebyla bézné
pouzitelnd z divodu ¢asove i technicky naro¢ného zpracovani dat.
Proto bylo pfistoupeno k hodnoceni vypitych objemd srovnavanych
piv. Nasledujici text popisuje mozné varianty testovani, které si Ize
vybrat pro hodnoceni pitelnosti podle toho, jaké jsou podminky pro
usporadani testu (zazemi, dostupny ¢as, pocet hodnotitell, uc¢el hod-
noceni atd.).

a) Varianta la. Srovnavaci test (2 vzorky)

Hodnotitelé si vybiraji ze dvou vzorkl piv, oznacenych A a B. Nej-
dfive hodnotitel obdrzi oba vzorky v mnozstvi cca 100 ml, aby je mohl
senzoricky posoudit. Potom si mlzZe vybirat mezi obéma vzorky tak,
Ze je stfidavé popiji; pfitom zapisuje do protokolu pocty vypitych piv
obou vzork(l. Neni na zavadu, pokud hodnotitel zUstane jen u jednoho
piva a druhé prestane pit. Vystupem jsou pro kazdého hodnotitele
dvé Cisla, a to vypité objemy obou piv, pfi¢emz prvnich 100 ml se do
vypoctu nezahrnuije.

Vyhodnoceni metody se provede pomoci Wilcoxonova testu pro
parové hodnoty [13]. Vzhledem k tomu, Ze se jedna o neparametricky
test, jeho vysledek je nezavisly na rozdéleni ziskanych dat.

The volume of the single samples is not strictly set. A volume of
200 ml to 350 ml is recommended. The samples must be served in
glasses with known and constant volume.

The distribution of beer samples must be done by plenty of serving
personnel who fill the glasses and guarantee that the evaluators have
one or more beer samples almost all the time.

The time of the evaluation is not strictly set; the recommended time
is 1to 2 hours. Only the service crew knows the exact evaluation time.
The panellists only know an approximate time. They fill out only the
number of beers drunk in the report. If they do not finish the last beer
they must judge on the volume drunk.

The evaluation of the results is performed exclusively by means of
statistical methods. In this way it is possible to determine significant
differences [13, 14]. For this purpose different applicable computer
software are available such as Statistica or SPSS. If the computer
software is not available, the evaluation of the results can be accom-
plished on the basis of a detailed description of the certified method,
using a common calculator or the Microsoft Office Excel program [15].

The maximisation of yield data could be achieved by following the
instructions described below.

— The duration of experiment should harmonised with the physiology
of drinking habits

— The number of evaluators should be as large as possible

— The samples must be strictly anonymous

— All disturbances should be excluded.

2.3 Techniques for the Evaluation of Drinkability — Variations
of Testing

According to the definition of drinkability a good beer should en-
courage consumers to take the next sip. This means that drinkability
is a property of beer which causes the compliancy of the consumer
to receive liquid and to create thirst in spite of the fact that the water
content in his body is sufficient. Therefore, the monitoring must focus
specifically on a physiological (meaning subconscious) reaction of
the consumer rather than on a conscious reaction affected by his at-
titudes and habits. As mentioned above, drinkability is influenced by
many factors. These factors however are based on factually correct
but too complicated issues. Therefore, it is not possible to use them
as a basis for the development of a generally accepted method for
the evaluation of drinkability which is supposed to produce plausible
and reproducible results. The influence of these factors can be min-
imised by appropriate test arrangements. The cognitive features can
be eliminated by sample anonymity and the external factors by choos-
ing the same place and time of the evaluation. Concurrently, it can
be assumed that the features of consumer have a normal Gaussian
distribution and therefore they are mutually compensated.

One of the possibilities of judging a subconscious reaction of the
consumer is to monitor closely his drinking behaviours especially his
drinking time profile. It can be assumed that beer with a higher drink-
ability would be drunk faster. That means the volume of beer con-
sumed in a certain time period correlates with the beer drinkability.

The technique developed is based on two possible test arrange-
ments. In the first case — by using the paired comparison test - the
panellists are allowed to choose freely (mainly from two available
beers) which one they want to consume. They note down the time
period of consumption or the volume drunk. In the second case — by
using the Monadic research design — the panellists have no choice
and they only evaluate one anonymous type of beer. As in the first
case they are asked to note down the time period of consumption or
the volume drunk. The principle of both variations is the relative com-
parison of two (or more) beer samples.

In the course of the technique development, firstly the time periods
for the consumption of single glasses were used. The final evaluation
however using of statistical methods was too complicated. Such
a technique would not be suitable for common use because of the
time needed and the technically demanding data processing. For
these reasons the evaluation was based on the volume of tested beers
consumed. The description of the possible variations in the drinkability
evaluations with regards to the available conditions such as the at-
mosphere, the time, the number of panellists and the aim of the eval-
uation are given below.

a) Variation la. Paired-Comparison Test (2 Samples)

The panellist can choose from two beer samples marked A and B.
First he gets 100 ml of both samples for a sensory evaluation. Then
he has to drink them either alternately or he can drink only the pre-
ferred beer and register the number of beer glasses consumed in the
test report. Each panellist reports two values (volumes of beer con-
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b) Varianta Ib. Srovnavaci test (3 a vice vzorkty)

Varianta Ib je obdobou pfedchoziho testu pro vice nez dva vzorky
piv. Hodnotitelé si vybiraji z k vzorkud piv, oznaéenych A, B, C, ..., k.
Je vSak tfeba zdlraznit, porovnavani vét§iho mnozstvi vzorku piv na-
razi na technické a fyziologické limity, a proto tuto metodu Ize dopo-
rucit z praktickych ddvodu pro tfi vzorky, i kdyz teoreticky umozniuje
porovnat vzork( vice.

Prakticky postup je obdobny postupu varianty 1a. Nejdfive hodno-
titel obdrzi testované vzorky v mnozstvi cca 50-100 ml, aby je mohl
senzoricky posoudit. Potom si mize vybirat mezi vzorky tak, Ze je
stfidavé popiji; pfitom zapisuje do protokolu pocty vypitych piv vSech
k vzorkd. Neni na zavadu, pokud hodnotitel zlistane jen u jednoho
piva a dalSi pfestane pit. Vystupem je pro kazdého hodnotitele k Cisel,
a to vypité objemy v8ech k piv, pfiéemz prvnich 50-100 ml se do vy-
poctu nezahrnuje.

Vyhodnoceni metody se provede pomoci Kruskal-Wallisova testu
[13], ktery je neparametrickou obdobou jednoduchého tfidéni analyzy
rozptylu pro pfipad k vybéru (k > 3).

c) Varianta Il. Monadické testovani

Hodnotitelska komise, ktera by méla mit vysSi pocet ¢lend, nez
byva bézné (odhadem alespori 30), se rozdéli na dvé nahodné sku-
piny (obé skupiny nemusi mit stejny pocet ¢lend, ale jejich pocet by
se mél blizit poloving). Kazdy hodnotitel v dané skupiné obdrzi jeden
ze dvou vzorkU (pivo A nebo pivo B), pficemz zadny hodnotitel nevi,
ktery z téchto dvou vzorku pije.

Vysledkem je tabulka, ve které je u kazdého hodnotitele uveden
objem vypitého piva V.

Tento test Ize se stejnymi vzorky nékolikrat opakovat, a to jak se
stejnou, tak s jinou hodnotitelskou komisi. Vysledek pak bude mit
vys$si vypovidaci hodnotu.

Vyhodnoceni tohoto testu se provede tzv. Wilcoxonovym dvouvy-
bérovym testem [13]. | v tomto pfipadé se jedna o neparametricky
test a jeho vysledek je tedy nezavisly na rozdéleni ziskanych dat.

d) Varianta lll. Monadické sekvenéni tes-

sumed). The first 100 ml are not included in the result. The evaluation
is carried out by means of Wilcoxon’s test for paired values [13]. In
view of the fact that this test deals with non-parametric models the
result is independent of the data distribution.

b) Variation Ib. Paired-Comparison Test (3 or more Samples)

It must be pointed out that the comparison of more samples reaches
the technical and physiological limits. Therefore for practical reasons,
this technique is recommended for not more than three samples. The-
oretically however it could be used for the comparison of more sam-
ples.

The variation Ib is an analogue of the previous test. The evaluator
chooses from k beer samples marked A, B, C......, k. First, he gets
50 — 100 ml of samples of all tested beers for a sensory evaluation.
Then he can drink them either alternately or he can drink only the
preferred beers. He registers the volume of all k samples drunk in the
test report. The report includes k numbers for each panellist which
present the volumes of all k beers consumed. The first 50 or 100 ml
are not included in the result. The evaluation is carried out using the
Kruskal-Wallis test [13]. It is a non-parametric analogue of a simple
one-way analysis of variance for k samples (k > 3).

c) Variation Il. Monadic Research Design

The panel for the Monadic research design should have a larger
number of people (about 30) than for a comparison test. The panellists
are divided into two randomized groups of about the same size. Each
evaluator in the group gets one of the two samples (beer A or beer
B). The identity of the beer samples is unknown for all evaluators.

The result of the testing is a table which records the volume V of
beer drunk for each panellist. This test might be repeated with the
same samples either with the same or with different evaluators. The
result after the repetition has of course a higher information value.

The evaluation of this test is made using the Wilcoxon unpaired
two-sample test.

tovani . Cox Upravené
Postupuje se stejné, jak je uvedeno ve Va- - .
rianté I, ale vSichni hodnotitelé se sejdou ) Poradi poradi Pivo A Pivo B
dvakrét.V prvnim sezeni dostane jedna sku- Va; Ve Succesio Modified Beer A Beer B
pina hodnotitel(l vzorek A a druha vzorek B. n successio
n
475 1 1 1
625 2 2 2
650 3 3 3
700 4 45 4.5
700 5 45 45
725 6 6 6
750 7 7 7
Tab. 1 Vyhodnoceni testu pitelnosti 800 8 8.5 8.5
monadickym testovanim, Varianta Il / 800 9 8.5 8.5
The evaluation of drinkability by using 850 10 10 10
the Monadic testing; Variation I 875 11 12 12
875 12 12 12
Objem vypitého piva (ml) 875 13 12 12
Volume of drunken beer (ml) 900 14 14 14
Va Vg 925 15 15 15
1250 650 950 16 16.5 16.5
800 1100 950 17 16.5 16.5
1625 725 1000 18 18 18
1200 625 1025 19 19 19
950 875 1100 20 20 20
900 1000 1150 21 21.5 21.5
875 800 1150 22 215 21.5
1500 750 1200 23 23 23
1150 750 1250 24 24 24
1150 700 1300 25 25 25
700 1150 1400 26 26 26
850 475 1450 27 27 27
1700 925 1500 28 28 28
1025 1650 1625 29 29 29
950 1400 1650 30 30 30
1300 875 1700 31 31 31
1450 Soucty / Totals: 309.5 186.5
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Tab. 2 Kritické hodnoty Uy, (p = 0.05) pro dvouvybérovy Wilcoxonlv test / Critical values U,, (p = 0.05) for the Wilcoxon two samples rank—

sum test
m 2 3 4 5 6 7 8 9 m | 11 12 13 14 15 16 17 15 19 20
4 0
5 0 1 2
[ 1 2 3 3
7 1 k] 5 & 8
8 0 2 4 & 8 10 | 13
9 0 2 4 7 10 112 115 )17
] o 3 5 8 11 14 | 17 | 20 | 23
11 0 3 & 9 13 | 16 | 19 ] 23 | 26 | 30
12 1 4 7 11 14 | 18 | 22 | 26 | 290 [ 33 37
13 | 4 b 12 | 16 | 20 | 24 | 28 | 33 | 27 41 45
14 1 5 9 13 | 17 | 22 | 26 [ 31 | 36 | 40 45 30 33
15 1 5 10 | 14 | 19 | 24 [ 29 [ 34 | 39 | 44 49 54 59 &4
16 1 & 11 15 | 21 | 26 | 31 | 37 | 42 | 47 53 59 & 70 75
17 ] 2 [ 11 17 | 22 | 28 | 34 | 39 | 45 | 51 57 63 69 75 81 87
18] 2 fi 12 | 18 | 24 | 30 | 36 [ 42 | 48 | 55 Gl 67 74 80 86 93 99
191 2 7 13 | 19 | 25 | 32 | 38 [ 45 | 52 | 58 65 72 78 85 92 99 106 113
| 2 8 14 | 20 | 27 [ 34 | 41 | 48 | 55 | &2 69 T 83 G0 98 105 112 | 119 | 127
21 k] 8 15 | 22 | 29 | 36 | 43 [ 50 | 58 | 65 73 80 &8 96 103 111 119 | 126 | 134
221 3 9 16 | 23 | 30 | 38 | 45 [ 53 | 61 | 69 77 a5 93 101 109 | 117 | 125 | 133 141
23] 3 9 17 | 24 | 32 | 40 | 48 | 56 | 64 | 73 81 39 98 106 | 115 123 132 | 140 | 149
241 3 10 | 17 | 25 | 33 | 42 | 50 | 59 | &7 | 76 85 94 102 111 120 129 | 138 | 147 156
25 3 10 18 27 is 44 53 62 71 80 89 98 107 117 126 135 145 154 163
26 | 4 11 19 | 28 | 37 | 46 | 55 [ 64 | 74 | 83 93 102 | 112 122 | 132 141 151 161 171
271 4 11 | 20 | 29 | 38 [ 48 | 57 [ 67 | 77 | 87 97 107 | 117 127 | 137 147 | 158 168 178
28 | 4 12 | 21 | 20 | 40 | 50 | 60 | 70 | 80 | 90 | 10 111 122 132 | 143 154 164 | 175 186
29 4 13 | 22 32 | 42 52 62 73 %3 94 105 116 127 138 149 160 171 182 193
3| 5 13 | 23 | 33 | 43 | 54 | 65 | 76 | 87 [ 98 | 109 | 120 | 131 143 | 154 166 | 177 | 189 | 200

V dal§im sezeni (nejlépe hned druhy den) se vzorky ve skupindch
vymeéni. Vzhledem k tomu, Zze kazdy hodnotitel testuje nezavisle oba
vzorky piv, ma tento zplsob testovani vyssi vypovidaci hodnotu nez
Varianta II.

Pro kazdého hodnotitele se ziskaji dvé Cisla (dva vypité objemy
V, a Vi) ze dvou sezeni. Tyto pary Cisel je mozno srovnat parovym
testem s nulovou hypotézou, ze priimér (nebo median) rozdilu je nu-
lovy [7].

2.4 Priklad hodnoceni testu pitelnosti

Jako ukazka zplsobu vyhodnoceni testu pitelnosti je uveden na-
sledujici pokus. 31 hodnotitelim byla pfedlozena 2 piva, 16 hodno-
titeldm pivo A a 15 hodnotitelim pivo B. Jedna se tedy o monadické
testovani (Varianta Il). Postup hodnoceni Wilcoxonovym dvouvybé-
rovym testem vyplyva z tabulky 1. Pocty hodnotiteld se oznaéi jako
m = 16 a n = 15. Objemy vypitého piva jsou uvedeny v levé ¢asti ta-
bulky. Tyto objemy se sefadi podle velikosti (prava ¢ast tabulky; slou-
pec Va;Vg), k nim se pfifadi pofadova Cisla 1-31 (sloupec Poradi.).
Tato Cisla se potom upravi tak, aby opakujicim se hodnotam bylo pfi-
fazeno stejné Cislo, neboli se z porfadi pro vice stejnych objemu vy-
jadfi jejich pramér (sloupec Upravené poradi). Do sloupct Pivo A
a Pivo B se pak tyto hodnoty rozfadi podle toho, z jakého plvodniho
sloupce V, nebo Vg pochazely. Pro pfehlednost jsou hodnoty V4 v bi-
Iém poli a hodnoty Vg v poli Sedém, tomu odpovidaji rozfazené hod-
noty Pivo A a Pivo B. Pak se secte sloupec Pivo A a sloupec Pivo
B a ziskané soucty (Pivo A = 309,5, Pivo B = 186,5) se doplni do na-
sledujici rovnice, ze které se ziskaji hodnoty U; a U, jako testovaci
kritérium:

U;=n*m + n(n + 1)/2 - A, U,=n*m+ m(m + 1)/2 - B¢

pfitom plati, ze U; + U, = n*m.
Cili
U,=16"15 + 16*17/2 — 309,5 = 66,5
U, =16"15 + 15*16/2 — 186,5 = 173,5

(Kontrolni vypocet: Uy + U, = n*m, Cili 66,5 + 173,5 = 15*16 = 240)

d) Variation lll. Sequential Monadic Research Design

The approach is the same as with Variation Il but all evaluators
meet up twice. In the first session one group gets beer sample A and
the other beer sample B. In the next session (ideally on the following
day) the samples will be switched. Because each panellist tests both
beer samples independently the information value of this test is higher
than when using the Variation II.

The results from both sessions are two numbers for each panellist;
the volume V, and Vg of beer consumed. These pairs of numbers
can be evaluated by a paired test with the nil hypothesis with the as-
sumption that the average or median difference is nil [7].

2.4 Example of the Evaluation of the Drinkability Test using
Variation Il

An example of the evaluation of the drinkability test is described
below.

31 members of a testing panel have evaluated 2 beers; 16 panellists
tested beer A and 15 panellists tested beer B. For the evaluation of
the results the Wilcoxon unpaired two-sample test was used and the
approach is described in Table 1. The numbers of evaluators are de-
noted as m = 16 and n = 15. The volumes of the beer drunk are given
in the left part of the table. These volumes must be ranked according
to size (right part of the table; column V,; Vg). To each volume the or-
dinal number 1 — 31 is assigned in the column Order. These numbers
are adjusted in a way that the same numbers are assigned to the re-
peated values. For this reason, the ranks for the same volume will be
averaged and put down in the column Modified Order. These values
will be divided into columns Beer A or Beer B according to their orig-
inal columns V, or Vg. For better readability the values V, are in
a white field and the values Vg in a grey field. This is in accordance
with values in the columns Beer A and Beer B. Then, the values in
the column Beer A and the column Beer B are totalled. The sums
gained for Beer A = 309.5 and for Beer B = 186.5 will be put on into
the following equations:

U;=n*m +n(n + 1)/2 - A, U,=n*m+ m(m + 1)/2 - B¢

The resulting values U, and U, make up the test criteria.
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Dale plati, ze pokud niz§i hodnota z hodnot U; nebo U, je nizsi
nebo rovna kritické hodnoté U,, uvedené v tab. 2, znamena to, ze
mezi pivy je statisticky vyznamny rozdil.

Protoze Uy, pro hodnoty m = 16 a n = 15 na hladiné p = 0,05 je po-
dle tabulky 2 rovno 70, je vypocitana hodnota U, =66,6 < Uy, = 70,
a proto je mezi obéma pivy signifikantni rozdil.

Zavér: Pivo A je ,,pitelnéjsi“ nez pivo B.

3 ZAVER

Principem nové metodiky stanoveni pitelnosti piva je korelace pi-
telnosti s objemem hodnoceného vypitého piva v urcitém ¢asovém
useku s naslednym matematicko-statistickym vyhodnocenim. Pou-
zity matematicko-statisticky aparat spole¢né s maximalni moznou
eliminaci ovliviujicich faktor(, které je dosazeno vhodnym uspora-
danim tak, aby tyto faktory byly v nejvy$si mozné mife zndhodnény,
zaru€uje maximalni objektivitu koneéného vysledku, tedy statistické
vyznamnosti rozdilu v pitelnosti srovnavanych piv. Metodika vyuziva
dvou zékladnich variant testovani podle zplsobu usporadani testu,
a to variantu srovnavaci a variantu monadickou. Metodiku je mozno
uplatnit pro ucely ziskani informaci o pitelnosti jako zcela novém at-
ributu kvality piva. Touto informaci ziskaji vyrobci zcela novy nastroj,
ktery vyuziji zejména pfi zménach receptur stavajicich vyrobkd, za-
vadéni novych vyrobkd, nebo napf. pfi zméné napojového skla pro
existujici znacky. Zafazeni testovani pitelnosti do soutézi piv umozni
pivovarim ziskat dllezitou zpétnou vazbu vyuzitelnou jak pro vy-
robu, tak pro marketing. Kone¢né metodiku Ize vyuzit jako jedno z po-
suzovacich kritérii pro vybér novych odrid jeémene vhodnych pro
vyrobu piva.

Dedikace
Projekt MZe Qi91b226: Vypracovani optiméalni metody pro stano-
veni pitelnosti ¢eského piva.
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Tech. Q. Master Brew. Assoc. Am. 16, 1979, 214-217.

9. Cufin, J.: Posuzovani pitnosti piva. Kvasny Prum. 24, 1978, 169—
172.

At the same time it is valid that U; + U, = n*m.

Therefore:
U, =16*15 + 16*17/2 — 309.5 = 66.5
U, =16*15 + 15*16/2 — 186.5 = 173.5

Checksum calculation: Uy + U, = n*m;
therefore: 66.5 + 173.5 = 1516 = 240

The beers are statistically significantly different if one of the values
U, or U, is lower or amounts to the critical value U, given in Table 2.
According to Table 2, for the values m = 16 and n = 15 at a 95%
confidence level (p = 0.05). Uy, = 70. Because the calculated value
U, = 66.6 was lower than U,, = 70 the beers are significantly different.

The conclusion: Beer A has ,,better drinkability” than Beer B.

3 CONCLUSION

The principle of the new technique for testing beer drinkability is
a correlation of the drinkability with the volume of beer drunk within
a certain time period followed by an evaluation using statistical meth-
ods. The statistical methods used together with the elimination of in-
fluencing factors guarantee the objectivity and the high information
value of final results in the form of statistically significant differences
in the drinkability of the beers tested. The elimination of the influencing
factors can be achieved by maximum possible randomization. The
technique uses two basic variations according to the test arrange-
ments; a pair comparison test and a Monadic research design.

The techniques can be employed for the evaluation of drinkability
which results in rather new attributes of the beer quality. With this in-
formation the producers obtain a completely new instrument which
can be used specifically for changing the recipes of existing products,
for the promotion of new products or for changing the drinking glasses
for existing beer brands. The inclusion of drinkability evaluation in beer
competitions provides the breweries with important feedback ex-
ploitable in both production and marketing. Finally, the technique
could be used as one of the criteria for the evaluation of new barley
varieties suitable for beer production.
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