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The precission and repeatability of sensory analysis is influenced by a number of physiological, psychological and genetic factors.
These can be largely eliminated by appropriate selection of the assessors through their regular evaluation. Therefore, assays have been
developed to define the divergence of assessor ratings from the rest of the tasting committee. This makes it possible to recognize the
area that needs to be focused on in the training of assessors. The article presents specific examples of calculations to determine the
degree of conformity among assessors using the ANOVA method and other statistical methods.

Cejka, P., Olsovska, J., Stérba, K., Slaby, M., Vrzal, T., 2018: Zptsob hodnoceni senzorickych posuzovatelti — éast 1. Kvasny
Prum. 64 (1): 14-20

Spravnost a opakovatelnost senzorické analyzy ovliviiuje fada fyziologickych, psychologickych a genetickych faktord. Ty Ize z vétsi
miry eliminovat vhodnym vybérem posuzovatele jeho pravidelnym hodnocenim. Proto byly vyvinuty zplsoby, pomoci nichz Ize definovat
odliSnost hodnoceni posuzovatele od zbytku senzorické komise. To umoznuje rozpoznat oblast, na kterou je tfeba se pfi vycviku po-
suzovatell zaméfit. V €lanku jsou uvedeny konkrétni ukazky vypo€tl na uréeni miry shody mezi posuzovateli pomoci metody ANOVA

a dalSich statistickych metod.
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1 INTRODUCTION

Maintaining an unchanging characteristic sensory profile of par-
ticular beer brand is a challenging task for breweries. An immensely
important role in this process is played by the sensory committee,
which should reliably determine whether the beer produced corre-
sponds to a defined sensory profile or whether it deviates from it.

High demands are placed on the members of the evaluation com-
mittee. The assessor must be able to correctly identify a large num-
ber of sensory-active substances that are present in the beer in
a concentration range from ppt to hundreds of ppm, i.e. in the range
of 9-10 orders. In addition, other requirements, e.g. of a psychologi-
cal nature (for example, being subject to collective decision-making
in a committee, lack or excess of self-confidence, etc.), are placed
on the assessor.

From a metrological point of view, the sensory analytical panel is
an actual measuring instrument and the results of each analysis per-
formed depend on its members. However, they are less reproducible
both in time and in comparison with analytical instruments, moreo-
ver, they are more susceptible to errors. This is due to the fact that
sensory stimulus perception is an active and selective process; the
assessor perceives only the elements of the complex perception he
considers relevant, and the rest is forgotten. Extending and improv-
ing sensory evaluation can be achieved through regular training. For
better targeting of both individual and general tasting sessions, as-
sessments of sensory tasters can reveal the areas that need to be
given more attention in training.

2 FACTORS INFLUENCING THE RESULTS
OF SENSORY ANALYSIS (CSN EN ISO 5492)

During sensory assessment, individual testers may be affected by
a number of factors that, when neglecting their influence, may be
reflected not only in the assessment provided by a particular person
but also, in a worse case, in the overall outcome of the tasting of the
entire committee. These factors can be divided into physiological,
psychological and genetic factors (CSN EN 1SO 5492, 2009).

2.1 Physiological factors

Adaptation (physiological fatigue) is a decrease or change in sen-
sitivity to given stimuli as a result of the continuous action of these
stimuli. In sensory evaluations, this is an unwanted source of varia-
bility, especially in terms of quantitative intensity assessment. An ex-
ample may be the evaluation of distilled water after tasting samples
with sucrose (perceived as bitter) or caffeine (perceived as sweet).
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1 UVOD

Udrzeni neménného charakteristického senzorického profilu piva
je pro pivovary naro¢nym ukolem. Nezastupitelnou roli v tomto pro-
cesu hraje senzoricka komise, kterd by méla spolehlivé urcit, zda
vyrobené pivo odpovida definovanému senzorickému profilu nebo
zda se od néj néjakym zptsobem odchyluje.

Na cleny posuzovatelské komise jsou kladeny vysoké néroky. Po-
suzovatel musi byt schopen spravné identifikovat velké mnozstvi
senzoricky aktivnich latek, které se v pivu vyskytuji v koncentra¢nim
rozmezi od ppt az po stovky ppm, tedy v rozsahu 9-10 fadd. Kromé
toho jsou na posuzovatele kladeny i dalsi pozadavky napt. psycho-
logického charakteru (podfizeni se kolektivnimu rozhodovéni v ko-
misi, nedostatek nebo pfemira sebevédomi aj.).

Z metrologického hlediska senzoricky analyticky panel predstavu-
je skute¢ny méfici pfistroj a vysledky kazdé provddéné analyzy zdvi-
si na jeho ¢lenech. Ti jsou viak oproti pfistrojim analytickym méné
reprodukovatelni jak v case, tak i mezi sebou, a jsou i vice nachylni
k chybam. To je zpusobeno tim, Ze vnimani senzorického podnétu je
aktivni a selektivni proces, tzn. posuzovatel vnima jen ty prvky
z komplexniho vjemu, které povazuje za relevantni, a zbytek pomiji.
Rozsifeni a zkvalitnéni senzorického hodnoceni Ize dosdhnout $ko-
lenim a pravidelnym tréninkem. Pro lepsi zacileni tréninkd jak jed-
notlivcl, tak i celé senzorické komise, slouzi hodnoceni senzoric-
kych posuzovatell, které mulze odhalit oblasti, jimz je tfeba pfi
vycviku vénovat vétsi pozornost.

2 FAKTORY OVLIVNUJICi VYSLEDKY
SENZORICKE ANALYZY

Béhem senzorického posuzovani mohou byt jednotlivi posuzova-
telé ovlivnéni fadou faktord, které se pfi zanedbani jejich vlivu mo-
hou projevit na vysledku nejen konkrétniho clovéka, ale v horsim
pfipadé i na celkovém vysledku degustace celé komise. Tyto faktory
Ize dle jejich plvodu rozdélit na fyziologické, psychologické a gene-
tické (CSN EN ISO 5492, 2009).

2.1 Fyziologické faktory

Adaptace (fyziologickd Unava) je pokles nebo zména citlivosti
k danym stimuldm jako vysledek kontinudlniho plsobeni téchto sti-
muld. V senzorickych hodnocenich je to nechtény zdroj variability,
a to hlavné ve smyslu kvantitativnino hodnoceni intenzity. Prikladem
muze byt hodnoceni destilované vody po ochutnavani vzorkd se sa-
charosou (je vnimana jako horkd) nebo kofeinem (je vnimana jako
sladka).
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Poor physical condition, i.e. illness, cold, gum inflammation or
other diseases in the oral cavity, is manifested by reduced sensitivity
to most stimuli. The assessor condition is also aggravated by emo-
tional stress (at work or at home).

Feeling hungry/satiety — the assessment should take place at least
2 hours after a hearty meal, so that the assessor does not feel over-
whelmed, but cannot be hungry or thirsty. Another important condi-
tion is that no more beer should be consumed in intervals between
series of samples. Smoking does not necessarily aggravate sensory
abilities, but it is recommended that the assessors do not smoke at
least 30 to 60 minutes before the start of the assessment.

The gender composition of the committee should be balanced as
far as possible; women tend to be more sensitive to aromas and
tastes than men.

2.2 Psychological factors

Expectancy (autosuggestion) poses a risk that the information on
the sample can result in a prediction of the judgment (a person often
looks for what he expects to find). For instance, if the assessors re-
ceive information that there is a complaint concerning a sample, they
tend to judge the sample more strictly. The expectation error signifi-
cantly exacerbates the validity of the test, and therefore samples
must be anonymized (e.g. by using codes without additional informa-
tion on sample history).

Custom error (sensory blindness) occurs when the sensory pro-
perty changes slowly over time. The assessor does not notice this
gradual change and tends to evaluate intensity of the stimulus as
constant. A custom error can be avoided by inserting blind sam-
ples.

Stimulus error arises if an irrelevant stimulus changes the attitude
of the assessor. For example, appearance (color, texture, packaging,
etc.) can suggest better or worse ratings to the assessor. To avoid
this error, you need to submit samples in neutral packages and, e.g.,
ensure that the sample is lighted by a different color.

Halo effect represents a situation where the assessment is influ-
enced by the overall impression (according to generalizing prejudic-
es). For example, if the first overall impression of a sample is posi-
tive, its individual attributes are evaluated positively, or if more
attributes are evaluated on the sample, the evaluation of one affects
the evaluation of the next one. It is therefore preferable to evaluate
individual properties separately in one row.

A very important factor is the order of samples, as it can cause an
unwanted effect:

The contrast effect — a neutral sample following a high quality one
is rated worse and vice versa.

Group effect (opposite to contrast) - a good sample in a series of
poor quality samples can be assessed worse and vice versa.

Centralized effect — evaluators tend to rate samples closer to the
average.

Positioning effect — samples taken at the beginning (mainly the
first sample) are abnormally preferred or rejected.

Mutual suggestion arises if the assessors are influenced by the be-
havior of other assessors. Therefore, verbal evaluation and other audio
stimuls should be avoided. Ideal is the separation in the boxes so that
the assessors do not perceive the expressions in the face of others.

Lack of motivation leads to worse results. The motivated assessor
is always more efficient. Important is the awareness that the results
are important and that the committee has prestige. Assessors should
have feedback on their evaluation. A smaller financial reward is also
appropriate, although the evaluation is done in the working time (this
is also dependent on attendance).

Dominance, shyness, moodiness are features that damage the
assessment within the committee. The head of the panel should
monitor the behavior of individual assessors (e.g. by using blind
samples) and their individual attitude to adapt to the attitudes of the
commission as a whole. Within the panel, all assessors have equal
status, regardless of their position in the company.

2.3 Genetic factors

Research published over the past 15 years shows that the genetic
diversity in olfaction properties among humans is much greater than
previously thought. There are plenty of compounds that people per-
ceive with different quality or different intensity. Thus, a particular as-
sessor can respond to odor in a different way than another one. This
also applies to a number of known brewing compounds, such as dia-
cetyl or indole. Diacetyl thresholds range from 30-1000 ppb, some of
the people being totally anosmic to diacetyl (they do not even per-
ceive it). Indole, which can get into the beer due to contamination

Spatna fyzicka kondice, tj. napt. nemoc, nachlazeni, zanét dasni
nebo jiné onemocnéni v uUstni duting, se projevuje snizenou citlivosti
na vétsinu podnétd. Kondici posuzovatele také zhorSuje emocni
stres (v praci nebo doma).

Pocit hladu/ptesyceni - hodnoceni by se mélo konat minimélné
dvé hodiny po vydatném jidle, aby posuzovatel nemél pocit presyce-
ni, ale nesmi byt ani hladovy ani ziznivy. Dalsi dllezitou podminkou
je, ze v prestavkach mezi sériemi vzorkd nesmi konzumovat dalsi
pivo. Koufeni nemusi nutné senzorické schopnosti zhorSovat, ale
doporucuje se, aby degustatofi nekourili alesport 30 az 60 minut
pred zacatkem degustace.

Genderové slozeni komise by mélo byt pokud mozno vyrovnané,
zeny byvaji na nékteré viiné a chuté citlivéjsi nez muzi.

2.2 Psychologické faktory

Expektacni chyba (autosugesce) predstavuje riziko v tom, Ze infor-
mace o vzorku maji za nasledek predjimani Gsudku o ném (¢lovék
Casto hleda to, co ocekdva, Ze najde). Napt. dostanou-li posuzovate-
|é vzorek s informaci, Zze se jedna o reklamaci, maji tendenci posu-
zovat vzorek prisnéji. Expektacni chyba vyrazné zhorSuje validitu
testu, a proto musi byt vzorky anonymizovany (napi. pomoci kédd,
bez dodate¢nych informaci o historii vzorku).

Zvykova chyba (senzoricka slepota) vznikd, pokud se pomalu
v Case méni néjaka senzorickd vlastnost. Posuzovatel tuto pozvol-
nou zménu nezaznamend a ma tendenci ménici se intenzitu stimulu
hodnotit pofad stejné. Zvykové chybé se lze vyhnout zafazovénim
slepych vzorkd.

Stimula¢ni chyba vznikne, pokud irelevantni podnét(y) zméni po-
stoj posuzovatele. Napfiklad vzhled (barva, textura, obal apod.)
muze sugerovat posuzovateli lepsi nebo horsi hodnoceni. Pro za-
mezeni této chyby je tieba predkladdat vzorky v neutralnich obalech,
zajistit osvit vzorku jinou barvou apod.

Halo efekt predstavuje situaci, kdy posuzovani je ovlivnéno celko-
vym dojmem (podle zobecnujicich predsudkd). Pokud je napiiklad
prvni celkovy dojem o vzorku ptiznivy, i jeho jednotlivé atributy se
hodnoti kladné, nebo pokud se na vzorku hodnoti vice atribut(, hod-
noceni jednoho ovliviiuje hodnoceni dal$iho. Byva proto vyhodnéjsi
hodnotit jednotlivé vlastnosti samostatné v jedné fadé.

Velmi dulezitym faktorem je poradi vzork(l, nebot muze vyvolat
nechtény efekt:

Kontrastni efekt — neutralni vzorek nasledujici po velmi kvalitnim
je hodnocen hife a naopak.

Skupinovy efekt (opac¢ny ke kontrastnimu) - kvalitni vzorek v fadé
nekvalitnich vzorkd mdze byt hodnocen hiie a naopak.

Centrélni efekt — posuzovatelé maji tendenci hodnotit vzorky blize
k prdméru.

Pozi¢ni efekt — vzorky podané na zacatku (hlavné prvni vzorek)
byvaji abnormalné preferovany nebo naopak odmitnuty.

Vzajemna sugesce vznikd, pokud jsou posuzovatelé ovlivnéni
chovanim ostatnich posuzovatel(l. Proto je tieba vyloucit slovni hod-
noceni a dalsi zvukové podnéty. Idedlni je separace v boxech, aby
nevnimali vyrazy ve tvafi ostatnich.

Nedostatek motivace vede k horsim vysledkdim, motivovany posu-
zovatel je vzdy vykonnéjsi. Dllezité je védomi, Ze vysledky jsou di-
lezité a Ze komise ma prestiz. Posuzovatelé by méli mit zpétnou
vazbu na svoje hodnoceni. Vhodna je také mensi finan¢ni odména,
i kdyz se hodnoceni kond v pracovni dobé (zavisla téz na ucasti).

Dominance, plachost, naladovost jsou vlastnosti, které poskozuji
hodnoceni v rdmci komise. Vedouci panelu by mél monitorovat cho-
vani jednotlivych posuzovatell (napt. uzivanim slepych vzorkd) a in-
dividudlnim pfistupem jejich postoje pfizplsobovat postojim komise
jako celku. V rdmci panelu maji vsichni posuzovatelé bez ohledu
na jejich pozici ve firmé rovné postaveni.

2.3 Genetické vlivy

Vyzkumy publikované v poslednich asi 15 letech ukazuji, ze gene-
ticka rozmanitost v olfaktorickych vlastnostech je mezi lidmi mnohem
vétsi, nez se dfive myslelo. Existuje spousta sloucenin, které lidé
vnimaji rizné kvalitativné nebo rlizné intenzivné. Tedy konkrétni po-
suzovatel mGze reagovat na vani (zdpach) odlisSnym zplsobem nez
jiny posuzovatel. To plati i pro fadu zndmych pivovarskych sloucenin,
jako napt. diacetyl nebo indol. Prahové hodnoty diacetylu se pohy-
buji mezi 30 — 1000 ppb, pficemz néktefi lidé jsou na diacetyl zcela
anosmicti (viibec jej nevnimaji). Indol, ktery se do piva miZze dostat
kontaminaci koliformnimi bakteriemi, ptipomina urcité ¢asti populace
kvétinovou (jasminovou) vini, zatimco pro zbytek populace pachne
fekalnim materialem. Néktefi lidé vnimaji obé viné indolu v zavislos-
ti na jeho koncentraci (Spinney, 2011).
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with coliform bacteria, reminds certain parts of the population of
a floral (jasmine) fragrance, while for the rest of the population it
smells like fecal material. Some people perceive both scents of in-
dole depending on its concentration (Spinney, 2011).

Other major differences are described in the perception of the bit-
terness of specific substances. There are many substances in the
nature that have a bitter taste, such as caffeine, quinine, epicatechin,
some alkaloids, sucrose octaacetate and many others. Each com-
pound exhibits different intensity and often a different quality — harsh,
adherent, etc. (Drewnowski, 2001). Since bitterness was an evolu-
tionary signal for a possible poison, it is not surprising that the adap-
tation to the positively perceived bitter taste evolved gradually. Ge-
netic research has shown that there are differences in the perception
of PTC (phenylthiocarbamide) and PROP (6-propyl-2-thiouracil),
which are bitter compounds used to test the bitterness sensitivity.
Approximately one quarter of the population is totally insensitive to
these substances (they do not perceive them as bitter), about 50%
are moderately sensitive and 25% very sensitive (they perceive them
as very bitter, with a higher proportion of these people being repre-
sented among Asians and women) (Duffy et al, 2004; Negri et al,
2012). However, for example, people who are sensitive to PROP
may be more susceptible to caffeine or other bitter substances
(Drewnowski, 2001).

Bitterness is perceived by sensors based on bitter taste receptors,
which means that there are specific structures on the tongue that
respond to specific molecules. Many different types of receptors re-
spond to a wide variety of bitter compounds. The fact that genes that
control susceptibility to specific (but not all) bitter compounds have
been discovered, and that mixtures of compounds can have syner-
gistic effects, supports the idea that there are many types of taste
receptors whose properties are genetically conditioned (Walter and
Roy, 2006; Guinard et al., 1996).

3 SELECTION, TRAINING AND
MONITORING OF SENSORY ASSESSORS

Selection and training of assessors is determined in detail by the
standard CSN EN 1SO 8586 (560037) “Sensory Analysis — General
Guidelines for Selection, Training and Monitoring of Selected Judges
and Professional Sensory Judges” This International Standard speci-
fies criteria for the selection, training and monitoring of the work of
selected judges and expert selected assessors (experts). (CSN EN
ISO 8586).

3.1 Selection of assessors

Three tasks are encountered when selecting assessors (CSN EN
ISO 8586, 2015): to determine the number of evaluators for the given
test, to obtain suitable candidates and to set criteria for their selection.

The number of evaluators should be large enough for statistical
evaluation, and ideally should be not less than ten. On the other
hand, too many assessors (more than 15) bring problems of organi-
zational and technical nature.

Assessors can be obtained from “internal sources’, i.e. employ-
ees, or from “external sources”. Both options have their positives and
negatives and it needs to be decided based on the requirements of
evaluation (sample anonymity, connection with production) as well
as organization of tasting (availability of tasters, financial difficulty).

The issues when selecting assessors include their time schedules,
preference of evaluated samples, knowledge and presumption for
tasting, ability to communicate and describe the evaluated sample,
and health condition. The psychological characteristics should in-
clude their interest and motivation to evaluate, responsibility and the
ability to concentrate and, last but not least, the ability of team work.

3.2 Training of the assessors

To make the results of the tasting committee reliable it is neces-
sary for the individual assessors to be constantly tested in addition to
the regular training. Evaluation training should be both qualitative
and quantitative. In addition, it is necessary to evaluate how the as-
sessor works within the committee.

Qualitative assessment means the ability of the assessor to deter-
mine and, most importantly, to correctly name different tastes and
smells. This can be performed by adding various compounds to
beer; large brewery committees often participate in international test-
ing using tablets added to beer (e.g. FlavorActiV™ or Aroxa™).

Quantitative assessments are made in the form of concentration
ranges, where solutions are prepared to increase the concentration

Dalsi velké popsané rozdily existuji ve vnimani horkosti konkrét-
nich latek. V pfirodé existuje velké mnozstvi latek, které vykazuji
horkou chut, napf. kofein, chinin, epikatechin, nékteré alkaloidy, ok-
taacetat sacharosy a mnoho dalsich. Kazd4 sloucenina mé riznou
intenzitu a casto i jinou kvalitu, vcetné drsné, ulpivajici atd.
(Drewnowski, 2001). Vzhledem k tomu, Ze hotkost byla evolu¢nim
signdlem pro mozny jed, neni pfekvapenim, Ze adaptace na horkou
chut vnimanou pozitivné se vyvijela postupné. Geneticky vyzkum
ukdzal, ze existuji rozdily ve vnimani PTC (fenylthiokarbamidu)
a PROP (6-propyl-2-thiouracilu), coz jsou hoiké slouceniny pouziva-
né k testovani citlivosti na horkost. Pfiblizné plati, Ze asi ¢tvrtina po-
pulace je na tyto latky zcela necitliva (vibec je nevnimaji jako hotké),
asi 50% je stfedné citlivych a 25% velmi citlivych (vnimaji je jako
silné horké; vy3si procento téchto lidi je zastoupeno mezi Asiaty
a zenami) (Duffy et al., 2004, Negri et al., 2012). Pfitom napt. lidé
necitlivi na PROP mohou byt citlivéjsi na kofein nebo jiné horké latky
(Drewnowski, 2001).

Horkost je vnimana senzory zalozenymi na chutovych recepto-
rech horkosti, coz znamend, Ze na jazyku existuji specifické struktu-
ry, které reaguji na specifické molekuly. Siroké $kale slou¢enin, které
jsou hotké, odpovida fada rlznych druhl receptor(. Skutecnost, ze
byly objeveny geny, které fidi citlivost na specifické (ale ne vsechny)
horké slouceniny, a také, ze smési slou¢enin mohou mit synergické
ucinky, podporuje myslenku, ze existuje mnoho typl chutovych re-
ceptory, jejichz vlastnosti jsou geneticky podminéné (Walter a Roy,
2006; Guinard et al., 1996).

3 VYBER, VYCVIK A SLEDOVANI
SENZORICKYCH POSUZOVATELU

Vybér a vycvik posuzovatelli podrobné uréuje CSN EN ISO 8586
(560037) ,Senzorickd analyza — Obecnd smérnice pro vybér, vycvik
a sledovani cinnosti vybranych posuzovateld a odbornych senzoric-
kych posuzovateld” Tato mezindrodni norma urcuje kritéria pro vybér,
postup vycviku a sledovani prace vybranych posuzovatelll a odbor-
nych vybranych posuzovateld (expertd). (CSN EN ISO 8586, 2015).

3.1 Vybér posuzovatell

Pfi vybéru posuzovateld (CSN EN 1SO 8586, 2015) je tfeba vyfresit
tfi problémy: urcit pocet posuzovatelll pro danou zkousku, ziskat
vhodné kandidaty a stanovit kritéria jejich vybéru.

Pocet posuzovateld by mél byt dostate¢né velky pro statistické
vyhodnoceni, v idedlnim pfipadé by nemél byt mensi nez deset. Na-
opak pfi pfili§ vysokém poctu (vice nez 15) nastdvaji problémy ze-
jména organizacniho a technického razu.

Posuzovatele Ize ziskavat jak z ,vnitfnich zdrojd’, tzn. zaméstnan-
cl, nebo ze ,zdrojd externich”. Obé moznosti maji sva pozitiva i ne-
gativa a je tfeba se rozhodnout na zékladé potfeb hodnoceni (ano-
nymita vzorkd, spojeni s vyrobou) i organizace degustace (dostupnost
degustatorq, finan¢ni ndro¢nost).

Pfi vybéru posuzovatelll by se mély vzit do Uvahy jejich casové
moznosti, obliba typu hodnocenych vzork(, znalosti a predpoklady
k degustaci, schopnost komunikovat a popsat hodnoceny vzorek,
zdravotni kritéria, z psychologickych vlastnosti pak jejich zijem
a motivace hodnotit, zodpovédnost a schopnost se koncentrovat
a v neposledni fadé i schopnost tymové prace.

3.2 Vycvik posuzovateld

Aby vysledky senzorické komise byly hodnovérné, je treba, aby
jednotlivi posuzovatelé byli kromé pravidelného Skoleni neustale tré-
novéani a provérovani. Trénink hodnoceni by mél byt jak kvalitativni,
tak i kvantitativni. Dale je tfeba hodnotit, jak dany posuzovatel pracu-
je vramci komise.

Kvalitativnim hodnocenim se rozumi schopnost posuzovatele ur-
¢it, a hlavné spravné pojmenovat rlizné chuté a viné. To Ize prova-
dét pridavky rdznych sloucenin do piva; komise z velkych pivovard
se casto zUcastiuji mezinarodniho prezkusovani formou tablet, pfi-
danych do piva (organizuji napf. FlavorActiV™ nebo Aroxa™).

Kvantitativni hodnoceni se provadi formou koncentracnich fad,
kdy se pripravi roztoky o stoupajici koncentraci nékolika chuti (napf.
sladké, hotké, kyselé), nebo vani (napf. ethylacetat, isoamylacetat,
diacetyl, DMS, geraniol atd.). Rovnéz nékteré firmy (Aroxa™) organi-
zuji toto hodnoceni.

3.3 Hodnoceni posuzovateli
Vzhledem k tomu, Ze posuzovatelska komise nem(ze principialné
poskytovat zcela homogenni vysledky, neméli by se v ni vyskytovat
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of several flavors (e.g. sweet, bitter or sour) or aroma (e.g., ethyl
acetate, isoamylacetate, diacetyl, DMS, geraniol, etc). Also, some
companies (AroxaTM) organize this testing.

3.3 Evaluation of assessors

Although the evaluation committee cannot, in principle, provide
entirely homogeneous results, it should not contain individuals who
systematically deviate in certain criteria. One way to limit the occur-
rence of this phenomenon is a discussion by the participants on the
evaluation of the already tested samples (of course, without the pos-
sibility of retrospective changes).

Even if the sensory panel leader is able to provide the training of
the assessors and optimal evaluation conditions to the maximum
possible extent, deviations of individual assessors caused by physi-
ological (e.g. sensitivity and ability to recognize the perception), or
psychological factors (e.g. a different way of using an intensity scale
caused, among other things, by the lack of concentration of the as-
sessor during the evaluation) will always occur (Naes, 2010). It is
therefore appropriate to perform statistical processing of the results
at certain time intervals and derive from it how the individual mem-
bers of the committee agree or differ in terms of the evaluation.

This year, the translation of ISO 11132 (Sensory analysis - Meth-
odology - Guidelines for monitoring the performance of a quantita-
tive sensory panel) into the Czech language, which deals with this
problematics (EN 1SO 11132, 2012), will be published. This standard
provides detailed guidance on how to judge the panel’s work.

The standard addresses the following issues:

- Agreement - ability of different panels or assessors to assign sim-
ilar scores on a given attribute to samples of the same product;

« Homogeneity - measure of the agreement of responses among
individual assessors within a test session, as a panel of assessors
in replicate sessions, or for an individual assessor in replicate ses-
sions;

+ Assessor bias — tendency of an assessor to give scores which are
consistently above or below the true score when that is known or
the panel mean when it is not;

- Outlier — an assessment that does not conform to the overall pat-
tern of the data or is extremely different from other assessments of
the same or similar products;

- Panel drift - phenomenon where a panel, over time, changes in
sensitivity or becomes susceptible to biases and as a conse-
quence changes the location on the scale where an attribute is
rated for a constant, reference product;

- Performance - ability of a panel or an assessor to make valid and
reliable assessments of stimuli and stimulus attributes;

+ Repeatability — agreement in assessments of equivalent product
samples under the same test conditions by the same assessor or
panel;

+ Reproducibility - agreement in assessments of equivalent product
samples under different test conditions, with different tasks or by
a different assessor or panel, in the short term, in the medium or
long term;

- Validation — process of establishing that sensory data correlate
with other data on samples of the same product (e.g. laboratory
measurements, consumer perception, results from other panels,
consumer complaints) or that a panel or assessor is able to meet
specified performance criteria;

« Session — occasion on which products are assessed;

- Replicate sessions — sessions in which the assessors, the prod-
ucts, the test conditions, and the task are the same.

Performance data monitoring allows the panel manager to im-
prove panel performance and assessors, identify problems and re-
training needs, or identify assessors who are not performing well
enough to continue to participate. In the following text, there are
methods that have proven to be useful in practice.

Variance analysis ANOVA

The analysis of variance (Naes et al, 2010) will be used if we
want to find out whether there is a statistically significant difference
between the assessors or if we have a large number of rated attrib-
utes and we want to determine which attributes are important in
terms of the resolution between samples. If the attribute has no effect
on product evaluation, it can be stated that the committee is unable
to determine the difference between the samples based on this at-
tribute and it can be excluded from further investigation. In the same
way, the assessors can be tested for the evaluation of individual at-
tributes to determine which of the attributes to be monitored should

jedinci, ktefi systematicky vybocuji v urcitych kritériich. Jednou

z moznosti, jak vyskyt tohoto jevu omezit, je diskuze ucastnikd hod-

noceni o jiz posouzenych vzorcich (samoziejmé bez moznosti vy-

sledky zpétné ménit).

| kdyz se vedoucimu senzorického panelu podafi v maximalni
mozné mife zajistit trénink posuzovatel( a optimalni podminky hod-
noceni, vzdy se budou vyskytovat individualni odchylky degustatort
zpusobené jednak fyziologickymi faktory (napf. citlivost a schopnost
poznat dany vjem), nebo psychologickymi faktory (napf. rozdilny
zplsob pouziti intenzitni stupnice zplsobeny mj. nedostatecnou
koncentraci posuzovatele béhem hodnoceni. (Naes, 2010) Proto je
vhodné v urcitych ¢asovych intervalech provést statistické zpracova-
ni vysledkd a z néj odvodit, jak se jednotlivi ¢clenové komise shoduiji
nebo odlisuji v rdmci komise.

Letos vyjde pieklad normy ISO 11132 (Senzoricka analyza - Me-
todologie — Vseobecny nadvod pro monitorovani a prace kvantitativni-
ho senzorického panelu) v ¢eském jazyce, kterd se touto problema-
tikou zabyva (EN ISO 11132, 2012). Tato norma dava podrobny
navod, jak posuzovat praci panelu.

Norma resi nasledujici problematiku:

« Shoda (agreement) - schopnost rdznych panelt nebo posuzova-
teld pfiradit obdobné skére daného atributu vzorkiim stejného pro-
duktu;

- Homogenita (homogenity) - mira souhlasu odpovédi mezi jednot-
livymi posuzovateli v ramci sezeni panelu, a to v opakovanych za-
sedanich v ramci celého panelu nebo pro individuadlniho posuzo-
vatele;

+ Vychyleni (bias) posuzovatele — tendence posuzovatele k hodno-
tam, které jsou konzistentné nad nebo pod primérem skore;

+ Odlehlda hodnota (outlier) - jednotlivé posouzeni, které je znacné
odlisné od ostatnich hodnoceni stejnych nebo podobnych vyrob-
ka;

« Posun (drift) panelu - jev, kdy panel v priibéhu ¢asu méni citlivost
nebo se stava nachylny k vychyleni a v dusledku toho zméni ské-
re, kterym je atribut hodnocen pro konstantni referen¢ni produkt;

- Interpretace (performance) — schopnost panelu nebo posuzovate-
le provést platné a spolehlivé posouzeni podnétd pro jednotlivé
atributy;

- Opakovatelnost (repeatability) - shoda pfi hodnoceni ekvivalent-
nich vzorkd produktu za stejnych zkusebnich podminek stejnym
posuzovatelem nebo panelem;

+ Reprodukovatelnost (reproducibility) — shoda pfi hodnoceni ekvi-
valentnich vzork( produktu za rdznych zkusebnich podminek,
s rlznymi posuzovateli nebo panely, a to v kratké dobé, ve stied-
nédobém nebo dlouhodobém horizontu;

- Validace (validation) — proces zjistovani, Zze senzorickd data jsou
v souladu s jinymi Udaji na vzorcich stejného vyrobku (napft. labo-
ratorni méfeni, vnimani spotiebitele, vysledky z jinych panelq,
stiznosti spotiebitell) nebo Ze panel nebo posuzovatel je schopen
splnit stanovena specifikovana kritéria;

-« Sezeni (session) — casova prilezitost, kdy jsou vyrobky hodnoce-
ny. V jednom sezeni muize jeden nebo vice produktd hodnotit je-
den nebo vice posuzovatell. Posuzovatelé mohou vyrobky hod-
notit samostatné (v rGzném case) nebo ve stejnou dobu jako
soucast panely;

« Opakovana sezeni (replicate sessions) — sezeni, v nichZ jsou po-
suzovatelé, produkty, zkusebni podminky a ukoly stejné.

Sledovani vykonnostnich dat umoznuje vedoucimu panelu zlepsit
vykonnost panelu a posuzovateld, identifikovat problémy a potieby
rekvalifikace, nebo identifikovat posuzovatele, ktefi nemaji dostatec-
nou vykonnost, aby mohli pokra¢ovat v ucasti. V dalsim textu jsou
uvedeny metody, které se autordm osvédcily v praxi.

Analyza rozptylu - ANOVA

Analyzu rozptylu (Naes et al, 2010) pouzijeme v ptipadé, kdyz
chceme zjistit, zda je mezi posuzovateli statisticky vyznamny roz-
dil, nebo pokud mame velké mnozstvi hodnocenych atribut( (vlast-
nosti) a chceme zjistit, které atributy jsou dulezité z hlediska rozli-
seni mezi vzorky. V pfipadé, ze atribut nevykazuje zadny efekt
na hodnoceni produktu, Ize prohlésit, Ze panel neni schopen urdit
rozdil mezi vzorky na zékladé tohoto atributu a Ize jej z dalsiho
zkoumani vyloucit. Stejné tak lze otestovat i posuzovatele z hledis-
ka hodnoceni jednotlivych atributd a urcit, které ze sledovanych
atributl je tfeba podrobit dalsimu testovani. Postup pti analyze je
obdobny jako u vzorkd piv, priklad analyzy rozptylu u hodnoceni piv
uvedli Cejka a Ol3ovska (2015) u porovnani piv hodnocenych pota-
dovou zkouskou.
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Table 1 Evaluation of the overall impression of eight beers by ten
assessors
Tab. 1 Hodnoceni celkového dojmu osmi piv deseti posuzovateli

Table 2 Divergence of individual evaluations from average
Tab. 2 Odchylky jednotlivych hodnoceni od primeérd

Assessor Average

be subjected to further testing. The analysis procedure is similar to
that of beer samples. Cejka and OlSovskd (2015) described an ap-
proach of the analysis of variance for beer evaluated by the rank test.

Bias — Comparison of the result with the average

The principle of the method (Andél, 1985) consists in determining
the “bias” error which is found from several sensory evaluations. The
averages for individual beers are calculated from the respective sen-
sory parameter and subtracted from the evaluations by individual
assessors. These values are plotted in the graph or the average and
the standard deviation are calculated from them.

Example 1: 10 assessors (designated as K-V, Table 1) evaluated 8
beers (P1-P8). The aim is to find out how individual assessors as-
sess the overall impression (on scale 1 - 9, 1 - best, 9 - worst)
within the committee.

By subtracting the averages for individual beers from individual
values we obtain the deviation of a particular assessor from the aver-
age evaluation of the committee (for assessor K and beer P1 the
value is 4 - 4.9 = - 0.9, which means that the assessor rated beer by
0.9 j. better than the committee average). Then, row averages are
and the double standard deviation were calculated (Table 2).

The calculated values in the column “average” show the score by
which the average assessor evaluates the overall impression in
comparison with the average. The column of double SOD is variance
range (on one side or the other) in which the assessor moves with
95% probability.

Table 2 then shows that the agreement of assessor R with the
committee is the best; he deviates from the overall impression in
absolute value by 0.1 and his variance score is only 0.6. On the
other hand, the worst match with the committee average is shown by
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Fig. 1 The score of differences between assessors from the overall
impression for 10 evaluators and 8 beers

Obr. 1 Skére rozdilll hodnoceni celkového dojmu pro 10 posuzova-
teld a 8 piv

Assessor Beer / Pivo Hodnotitel P1| P21 P3| P4\ P5 | P6 | P7 | P8 Priimér 50D | 2.50D
Hodnotitel P1 P2 P3 P4 P5 P6 P7 P8 K -09(-06(-13(-02(-06|-02|02|-08| -0.6 047 0.9

K 4 3 2 6 4 4 6 4 L 01[-16]07]|08|04|08|-08|02| 0.1 086 | 17
L 5 2 4 7 5 5 5 5 M 09|-06(-03(-12|04|-1.2|/02|-08| -06 |[060| 12
M 4 3 3 5 5 3 6 4 N 01]-06|-13|-02(-06|08|-18|02| -04 |084| 17
N 5 3 2 6 4 5 4 5 0 11104 (-03(-02|-16|08|-08[02| -0.1 [088| 18
(0] 6 4 3 6 3 5 5 5 P 01[-06|07|08|04(-02]02|-08| 0.1 058 | 12
P 5 3 4 7 5 4 6 4 R 011]04]-03[-02|04(-02(02]02 0.1 0.28 0.9
R 5 4 3 6 5 4 6 5 S 09|-06(-03(-12|14]-02(02[02| -02 [080| 16
S 4 3 3 5 6 4 6 5 T 1112407 (1804|0822 12 13 1073 | 15
T 6 6 4 8 5 5 8 6 V 01[04]17]|-02(-06[-02|02|02| 02 |068| 14
\Y 5 4 5 6 4 4 6 5

‘;‘;E;igf 49 | 35 | 33 | 62 | 46 | 43 | 58 | 48 e o o

Vychyleni - porovnani vysledku s priimérem

Princip metody (Andél, 1985) spociva ve stanoveni vychyleni (bias),
které se zjisti z nékolika degustaci. Z pfislusného senzorického parametru
se vypocitaji priiméry pro jednotliva piva a ten se odecte od hodnoceni
jednotlivych posuzovatel(l. Tyto hodnoty se vynesou do grafu, popt. se
z nich vypocte prdmér a smérodatna odchylka.

Priklad 1: 10 posuzovatelli (oznaceni K -V, tab. 1) posuzovalo 8
piv (P1 — P8). Cilem je zjistit, jak jednotlivi posuzovatelé posuzuji
celkovy dojem (na stupnici 1 - 9; 1 - nejlepsi, 9 - nejhorsi) v ramci
komise.

Odectenim primér pro jednotlivd piva od jednotlivych konkrét-
nich hodnot ziskame odchylku konkrétniho posuzovatele od prlimér-
ného hodnoceni komise (pro posuzovatele K a pivo P1 vychazi hod-
nota 4 - 49 = - 0,9, coz znamend, Ze tento posuzovatel hodnotil
pivo 0 0,9 j. Iépe, nez je primér komise). Dale se vypocitaji fadkové
priméry a dvojnasobek vybérové smérodatné odchylky (tab. 2).

Ve sloupci primér znamenaji vypocitané hodnoty, o jaké skoére
hodnoti primérné pfislusny posuzovatel celkovy dojem oproti pri-
méru. Ve sloupci dvojnasobek SOD je rozptyl (na jednu nebo druhou
stranu), ve kterém se posuzovatel s asi 95% pravdépodobnosti po-
hybuje.

Z tab. 2 tedy vyplyva, Ze se nejlépe s komisi shoduje posuzovatel
R, ktery se absolutné lisi v celkovém dojmu o 0,1 skére a rozptyl cini
pouze 0,6 skore. Naopak nejhorsi shodu s komisi vykazuje posuzo-
vatel T, ktery déva horsi hodnoceni v priméru o 1,3 j. (téz obr. 1)
a jeho rozptyl je 1,5 j. Piehledné je situace znazornéna na obr. 1.

Hypoteticky mohou nastat ¢tyfi pfipady, jak vysledky posuzovat
(obr. 2):

1) Posuzovatel A: nejlepsi soulad s komisi; vykazuje dobrou shodu
s primérem a nizky rozptyl.

2) Posuzovatel B: mda tendenci k systematické odchylce, hodnoti
dany parametr stéle vy3sim (nebo nizSim skoére), pficemz rozptyl
hodnot je nizky.

3) Posuzovatel C: ma tendenci poskytovat vysledky s vy$sim rozdi-
lem od vztazné hodnoty (rozptyl je vysoky).

4) Posuzovatel D: nejhordi mozny pfipad, je kombinaci pfipadd B
aC.

'QD.D

ep *B eC D

D

eC
«C

Fig. 2 Ways of evaluating the results of the method of comparison
with the average
Obr. 2 Zplsoby hodnoceni vysledkd metody porovnani s primérem
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assessor T, who gives a worse evaluation on average of 1.3 units.

(also Fig. 1) and his variance score is 1.5 units. The situation is clear-

ly shown in Fig. 1.
Hypothetically, four cases can occur, how the results can be as-

sessed (Fig. 2):

1) Assessor A: he has the best compliance with the committee; he
shows good agreement with average and low variance.

2) Assessor B: he tends to systematically deviate, he evaluates gi-
ven parameter all the time with a higher (or lower) score, with
a low variance of values.

3) Assessor C: he tends to provide results with a higher difference
than the reference value, his variance is high).

4) Assessor D: he represents the worst case, it is a combination of
cases Band C.

Agreement - The correlation method

Another possibility how to follow the evaluation of the individual
assessors is to plot their evaluation data into a chart against the av-
erage rating of the whole panel. The values from the previous exam-
ple are shown in Fig. 3. The values of tasters R (triangle) and T
(square) are highlighted. It is clear from the graph that assessor T
evaluated all the samples worse than the average mark of the whole
committee.

However, when using these methods, it is necessary to have
a sufficient difference in the evaluation of the samples. For example,
if the average score of all samples ranged between 4 and 5, it is not
possible to reliably determine the error of the individual assessors
due to the small difference in the values.

Agreement - Box plot

Box plots also allow us to distinguish differences between the as-
sessors. Their advantage is that they represent the variance of indi-
vidual assessors and are already predefined in the latest versions of
MS Excel, so they are readily available. The box plot for example 1
is shown in Fig. 4.

The method of variation coefficient (relative standard deviation)

This method (Andél, 1985) is used to determine the repeatability
of evaluation of individual assessors. Procedure: in several evalua-
tions, the same beer is assigned to the assessor anonymously and
for each parameter the variation coefficients are calculated as SOD/
average * 100 (%).

Example: Assessor X gave marks for bitterness from 6 evalua-
tions: 2; 3; 3; 3.5; 1.5; 2.5, while assessor Y gave 2.5; 2; 2.5; 1,5; 2;
2.5. Average for X: 2.58; average for Y: 2.17; SOD X: 0.74; SOD Y:
0.41

RSD X =(0.74/ 2.58) .100 = 28%
RSDY =(0.41/2.17).100 = 19%

Result: assessor Y has a better match in bitterness rating than as-
sessor X.

Individual assessors evaluation
Hodnoceni jednotlivych degustatori

3 35 4 45 5 55 6 65 7
Average rating of the panel / Primérné hodnoceni komise

Fig. 3 Correlation of the assessors with the overall impression of the
committee (highlighted assessors: R — triangle, T — square)

Obr. 3 Korelace degustatortl vici celkovému hodnoceni komise
(zvyraznéni degustatofi R — trojuhelnik a T — ¢tverec)

Shoda - metoda korelace

Dalsi moznosti, jak sledovat hodnoceni jednotlivych degustatorq,
je vynést do grafu jejich hodnoceni vici primérnému hodnoceni ce-
Iého panelu. Hodnoty z prfedchoziho pfikladu jsou zndzornény
na obr. 3. Zvyraznéné jsou hodnoty degustatora R (trojuhelnik) a T
(¢tverec). Z grafu je dobre patrné, ze degustator T hodnotil viechny
vzorky hte, nez byla prdmérna znamka celé komise.

Pfi pouziti téchto metod je vsak treba, aby byl dostatecny rozdil
v hodnoceni vzorkd. Pokud by se napf. prdmérné hodnoceni viech
vzork pohybovalo mezi 4 a 5, nelze diky malému rozdilu hodnot
spolehlivé urcit chybu jednotlivych posuzovatel(.

Shoda - krabicové grafy

Posuzovat rozdily mezi posuzovateli umoznuji také krabicové gra-
fy. Jejich vyhodou je, Ze znazornuji rozptyl hodnoceni jednotlivych
degustatord a jsou jiz preddefinovany v poslednich verzich progra-
mu MS Excel, tudiz jsou snadno dostupné. Krabicovy graf pro pfi-
klad 1 je uveden na obr. 4.

Opakovatelnost - metoda variacniho koeficientu (relativni smé-
rodatné odchylky)

Tato metoda (Andél, 1985) se pouziva pro zjisténi opakovatelnos-
ti hodnoceni jednotlivych degustatord.

Postup: v nékolika degustacich se zadad posuzovateli anonymné
stejné pivo a pro jednotlivé parametry se vypocitaji varia¢ni koefici-
enty jako podil SOD/priimér * 100 (%).

Priklad: Posuzovatel X dal zndmky pro intenzitu horkosti z 6 degu-
staci: 2; 3; 3; 3,5; 1,5; 2,5; a posuzovatel Y 2,5; 2; 2,5; 1,5; 2; 2,5.

Prdmér X: 2,58; pramérY: 2,17; SOD X: 0,74; SOD Y: 0,41

RSD X =(0,74/2,58).100 = 28 %
RSDY =(0,41/2,17).100 = 19%

Vysledek: posuzovatel Y vykazuje lepsi shodu v hodnoceni hoi-
kosti nez posuzovatel X.

3.4 Opatieni vyplyvajici z hodnoceni posuzovatel(

Z vysledkd jednotlivych testl lze zjistit, zda mé& posuzovatel pro-
blém s nékterym ze sledovanych parametr(i a nasledné se v ramci
zpétné vazby pro konkrétniho degustatora nebo pfi tréninku komise
na toto hodnoceni zaméfit.

V pfipadé, ze se v komisi vyskytuje degustator, ktery se i po pecli-
vém tréninku dlouhodobé svymi vysledky lisi od zbytku komise, je
tieba takového posuzovatele bud vyménit, nebo v krajnim pfipadé
zafadit metodu, kterd jeho vliv na celkové hodnoceni vyrazné snizi.
Jednim z nejbéznéjsich zplsobld je metoda ofezaného priméru.
Nejjednodussi pouziti této metody spociva v sefazeni hodnot podle
noty nejvice vzdalené od primérného hodnoceni komise jako celku.
Je tieba ale mit vzdy na paméti, Ze pro tuto metodu je tieba mit do-
state¢ny pocet hodnoceni (idedlné alespon deset). Pokud se degus-
tace Ucastni napf. pouze tfi posuzovatelé, pouziti metody ofezaného
prmeéru jiz tak dost nizkou spolehlivost vysledku Uplné eliminuje.

MK EHLEM BN Ho HrP HR Hs BT HV

Fig. 4 A box plot of the overall impression rating
Obr. 4 Krabicovy graf hodnoceni celkového dojmu
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3.4 Procedure resulting from the evaluation of the assessors

The results of the individual tests can be used to determine whether
the assessor has a problem with some of the monitored parameters and,
subsequently, to focus on this problem in the context of the feedback for
a particular assessor or the training of the committee.

In the event that an assessor is present in the committee who, differs
from the rest of the committee after a careful training session, it is neces-
sary either to replace that assessor or, in the extreme case, to include
a method that will significantly reduce its impact on the overall score.
One of the most common ways is a trimmed average method. The sim-
plest use of this method is to sort the values by the size and eliminate the
highest and lowest values. This eliminates the values that are most dis-
tant from the average rating of the committee as a whole. However, it
should always be remembered that the use of this method requires a suf-
ficient number of ratings (ideally at least ten). If, for example, only three
assessors participate in the tasting, the use of the trimmed average meth-
od completely eliminates the already low reliability of the result.

4 CONCLUSIONS

Sensory analysis is an integral part of the evaluation of products in the
brewing industry. Its objectivity is ensured by selecting appropriate sen-
sory assessors and their continuous training (,calibration”), but also by
analyzing their evaluation and taking into account the results of the anal-
ysis during the next training.
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