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Perleni je jednim ze zakladnich kvalitativnich znakt Sumivych vin. Cilem studie bylo zhodnotit chemické a chemicko-fyzikalni faktory,
které ovliviuji kvalitu perleni Sumivych vin. Pro sledovani téchto vlivii byla vybrana jakostni Sumiva vina, prfevazné z ceské produkce,
vyrobend metodou Charmat. Na zakladé senzorického hodnoceni jsme nejprve urcili optimalni stav perleni — dlouhotrvajici intenzivni,
malé az stfedné velké bublinky s vétsSim poctem fetizkd bublinek. Statistickym zpracovanim vysledkd senzorické analyzy vin a analyzy
kvalitativnich parametrd jsme zjistili, Ze intenzita perleni a pocet fetizkll vyznamné souvisi s povrchovym napétim, ovliviiovanym zejmé-
na obsahem bilkovin (asimilovatelného dusiku) a tékavych latek. DalSimi parametry, které silné koreluji s intenzitou perleni a poc¢tem
fetizk(, jsou obsah CO, a pretlak v lahvi.

Snebergrova, J. — Cizkova, H. — Voldfich, M. — Suhajek, V.: Factors affecting effervescence of sparkling wines. Kvasny Prum. 58,
2012, No. 6, p. 171-177.

Effervescence is one of the essential qualitative characteristics of sparkling wines. The aim of this study was to evaluate chemical and
physicochemical factors that affect the quality of effervescence of sparkling wines. High-quality sparkling wines made by Charmat me-
thod, mostly from Czech production, had been selected to monitor these effects. Firstly, we determined the optimal state of effervescen-
ce on the basis of sensory evaluation — long, intensive, small to medium-sized bubbles with a higher number of bubble chains. Using
statistical processing of the sensory analysis results and qualitative parameters analysis we found that the intensity of effervescence and
the number of chains are related to surface tension which is affected especially by protein content (assimilable nitrogen) and volatile
substances. Other parameters that strongly correlated with the intensity of effervescence and the number of chains were CO, content
and pressure in the bottle.

Qnebergrové, J. — Cizkova, H. — Voldfich, M. — Suhéjek, V.: Die das Funkeln des Sektes beeinflussende Faktoren. Kvasny Prum.
58,2012, Nr. 6, S. 171-177.

Ein von den Grundqualitativen Parametern des Sektes ist das Funkeln. Der Artikel ist der Auswertung von chemischen- und chemisch-
physikalischen Faktoren, die die Funkelnsqualitat des Sektes beeinflussen, gewidmet. Fur die Verfolgung dieser Faktoren wurden die aus
vorwiegend tschechischer Produktion durch Anwendung der Charmat Methode hergestellte Weine ausgesucht. Auf Grund der sensori-
scher Auswertung wurde ein optimaler Funkelnszustand festgestellt — eine langfristig dauernde intensive kleine bis mittlergroBe mit
mehrerer Blasenkettenzahl. Durch eine statistische Ergebnissauswertung der Weinsensorischen- und Qualitativenparameteranalyse
wurde es festgestellt, dass die Funkelnsintensitat und Blasenkettenzahl bedeutend mit der Oberflachenspannung zusammenhangt. Die
Oberflachenspannung des Weines wird insbesondere durch den Gehalt an Proteine (der assimilierte Stickstoff) und fliichtigen Stoffe

beeinflusst. Weitere die mit Funkelnsintensitéat stark korrelierte Parameter sind Gehalt an CO, und Uberdruck in der Flasche.

Kli€ova slova: sumivé vino, perleni, CO,, senzoricka analyza

1 UVOD

Péna, fetizky bublinek a korunka jsou charakteristickymi znaky Su-
mivého vina, které Ize pozorovat po naliti vina do skleni¢ky. Sumiva
vina vznikaji prvotnim kvasenim mostu nebo druhotnou fermentaci
po pfidani cukru a kvasinek do hotovych tichych vin. Hlavnimi pro-
dukty kvaseni jsou oxid uhli¢ity a alkohol. Vino se b&éhem tohoto pro-
cesu pfirodné syti vznikajicim endogennim oxidem uhli€itym, ¢imz
ziskava nové specifické vlastnosti — perlivost a Sumivost. Dalsi typic-
ké senzorické vlastnosti vznikaji diky zrani vina na kvasni¢nych ka-
lech (Ribéreau-Gayon et al., 2006, Pozo-Bayén et al., 2009).

Po otevieni lahve Sumivého vina dojde k poruseni termodynamic-
ké rovnovahy rozpusténych molekul oxidu uhli¢itého. Kapalina nema-
ze udrzet vysoké mnozstvi rozpusteéneho CO,, a proto molekuly ply-
nu zaénou z vina unikat. V literatufe (Liger-Belair et al., 2008) je
uvedeno, ze pfiblizné 20 % oxidu uhli¢itého unika ve formé bublinek
a kolem 80% difuzi povrchem kapaliny. Ze skleniCky obsahujici
100 ml Samparniského vina unikne az 10 miliond bublinek.

Zpusob perleni, jeho intenzita a perzistence, velikost bublinek a po-
Cet Fetizkll jsou zakladnimi ukazateli kvality Sumivych vin. Perlivost vin
je pfedevSim charakterizovana koncentraci a intenzitou vyvoje oxidu
uhli¢itého. Konzumenti upfednostriuji zejména dlouhotrvajici intenziv-
ni perleni, pfi kterém Ize pozorovat vétsi pocet fetizk( drobnych bubli-
nek (Ribéreau-Gayon et al., 2006). Vyrobci Sumivych vin jsou si védo-

Keywords: sparkling wine, effervescence, CO,, sensory evaluation

1 INTRODUCTION

Foam, bubble chains and a collar are distinctive characteristics of
sparkling wine which can all be observed when the wine is poured
into a glass. Sparkling wines are produced by the primary alcoholic
fermentation of grape must, or the secondary fermentation of base
wines with the addition of sugar and yeast. The main products of
fermentation are carbon dioxide molecules and alcohol. The wine is
naturally saturated by endogenous carbon dioxide which emerges
during this process; thereby the wine acquires new specific charac-
teristics — sparkle and effervescence. The other typical sensory cha-
racteristics are formed due to the ageing of the wine on yeast lees
(Ribéreau-Gayon et al., 2006, Pozo-Bayén et al., 2009).

When a bottle of sparkling wine is uncorked, the thermodynamic
equilibrium of dissolved CO, molecules is disturbed. The liquid can
no longer hold the high levels of dissolved CO, molecules, and there-
fore the gas molecules start to escape from the wine. According to
the literature (Liger-Belair et al., 2008), approximately 20% of CO,
molecules escape in the form of bubbles and about 80% by diffusion
through the surface of the liquid. The total of up to 10 million bubbles
escape from a glass containing 100 ml of champagne.

Essential indicators of the quality of sparkling wines include the
mode of effervescence, its intensity and persistence, the size of bub-
bles and the number of bubble chains. Effervescence is mainly char-
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mi, Ze kvalita perleni hraje duleZitou roli v senzorickém hodnoceni
Sumivych vin, z tohoto diivodu se snazi tomuto procesu co nejlépe
porozumét a ovladat kazdy parametr spojeny s perlenim.

Rychlost uvolfiovani oxidu uhli¢itého, a tim i kvalita perleni, je
ovlivnéna ruznymi faktory. Mezi takové Einitele patfi zejména roz-
pustnost oxidu uhli¢itého a chemické slozeni vina. DlleZitou roli hra-
ji povrchové aktivni latky, které zpomaluji shlukovani CO,do vétsich
bublinek a uvolnéni z kapaliny. Jedna se napfiklad o dusikaté latky,
vyssi alkoholy, aldehydy a tfisloviny (Ribéreau-Gayon et al., 2006).
Retence oxidu uhli¢itého v napoji by se dala ovlivnit sloZzenim kupa-
Ze, pfipravené scelovanim dvou a vice raznych odrid vin, a nasled-
né vedenim procesu vyroby, pfiéemz vyznamné zmény v chemickém
sloZzeni se mohou odehravat i béhem zrani vina autolyzou kvasinek
(Pozo-Bayén et al., 2009, Moreno-Arribas et al., 2000).

Vyznamnym faktorem, ktery zna¢né ovliviiuje kinetiku uvolhovani
oxidu uhli¢itého, jsou podminky a zplsob servirovani vina. V rliznych
studiich byl zji$tén niz&i pokles koncentrace rozpusténého CO,, po-
kud bylo vino nalito o nizsi teploté (porovnavany teploty 4 °C, 12 °C
a 20 °C) (Liger-Belair et al., 2009a), do vysoké a uzké sklenicky, tzv.
flétny (oproti miskovitému, SirSimu tvaru skleni¢ek — tzv. Sampariské-
ho poharu) (Liger-Belair et al., 2009b). Ve studii (Liger-Belair et al.,
2010a) se porovnavaly dva rizné zpUsoby nalévani vina. Pokud se
vino nalévalo do naklonéné sklenice po jeji sténé (typické pro nalé-
vani piva), uchovalo se vétsi mnozstvi CO,, oproti zpisobu kdy se
vino nalévalo do sklenice pfimo shora (typické pro nalévani sektu).
Ve studii (Liger-Belair et al., 2010b) byly porovnany dva vzorky Sam-
panskych vin o rizné dobé zrani, pficemz se ukazalo, ze CO, snad-
néji unika z mladsiho ro€niku vina. Po¢ateéni koncentrace rozpusté-
ného CO, v lahvi byla také rozdilna, jelikoz korkovy uzavér nezajisti
hermetické uzavieni a béhem zrani vina tak dochazi k postupnym
ztratam CO,,

Pokles obsahu CO, je v rovnovaze s perlenim sektu ve sklenici,
rovnovaha miize byt pozitivné nebo negativné ovlivnéna ne/pouzitim
prostfedku s detergentem (pfitomné povrchové aktivni latky snizuji
rychlost perleni, resp. ztratu oxidu uhli¢itého) (Liger-Belair, Jeandet,
20083).

Studium vzajemného vztahu mezi chemickym slozenim kupéze
a idealnim perlenim kone¢ného produktu bylo vyvolano zajmem vy-
robce Sumivych vin o tuto problematiku, jelikoz studii zabyvajicich se
pfimo timto tématem je dosud nedostatek. Cilem prace bylo zhodno-
tit vztah mezi pribéhem uvolfovani oxidu uhli¢itého z vina a vybra-
nymi kvalitativnimi chemickymi a chemicko-fyzikalnimi parametry
v souboru 10 jakostnich Sumivych vin.

2 MATERIAL A METODY

Ve studii byla pouzita jakostni Sumiva vina vyrobena metodou
Charmat. Vzorky se li§i v barvé a obsahu cukrd (viz tab. 7). Vzorky
oznacené V1-V7 byly z produkce BOHEMIA SEKT, a.s., Stary Plze-
nec, k témto vzorkiim byla zpracovana i data o zakladnim slozeni
pouzité kupaze, vzorky V8-V 10 byly zakoupeny v obchodnim fetézci.
Vina byla analyzovana po 2-5 mésicich od jejich staceni.

Bézné analyzy vin (hustota, alkohol, extrakt, redukujici cukry, ky-
selost, pH, tékavé kyseliny, oxid sificity, pretlak, kyselina vinna, dras-

acterized by CO, concentration and intensity of its formation. Con-
sumers prefer long-lasting, intensive effervescence when a larger
number of tiny bubble chains can be observed (Ribéreau-Gayon et
al., 2006). Sparkling wines producers are aware of the important role
that effervescence quality plays in sensory evaluation of sparkling
wines and they therefore try to understand the process as well as
possible and control every parameter associated with effervescence.

There are various factors which affect the release rate of carbon
dioxide and thus the quality of effervescence. These factors include
solubility of carbon dioxide and chemical composition of the wine.
Surfactants, such as nitrogen compounds, higher alcohols, aldehydes
and tannins, also play an important role as they slow down the pro-
cess of aggregation of CO, into larger bubbles and its release from
the liquid (Ribéreau-Gayon et al., 2006). Retention of carbon dioxide
in beverages could be influenced by composing a cuvée prepared by
blending two or more different wine varieties; or by changing charac-
teristics of the technological process. Significant changes in chemical
composition may also occur during wine maturation by yeast autoly-
sis (Pozo-Bayon et al., 2009, Moreno-Arribas et al., 2000).

The kinetics of carbon dioxide release is significantly influenced by
the way and the conditions under which the wine is served. Various
studies have shown that the reduction of CO, concentration is lower,
if the wine has a lower temperature (compared temperatures includ-
ed 4 °C, 12 °C and 20 °C) (Liger-Belair et al., 2009a) and is poured
into a long-stemmed glass, called a flute (compared to shallower,
wider glasses called champagne coupes) (Liger-Belair et al., 2009b).
In another study (Liger-Belair et al., 2010a), two different ways of
pouring wine were compared. If the wine was poured along the side
of a glass (typical for pouring beer), a larger amount of CO, was re-
tained in comparison to the usual way of pouring champagne wine
directly into a glass. Two champagne samples with different aging
time were compared in the study (Liger-Belair et al., 2010b) which
showed that CO, escaped more easily from the younger wine. The
initial concentration of CO, dissolved in the bottle was also different
because the cork closure is not hermetically sealed, which leads to a
progressive loss of CO, during wine ageing.

The decrease of CO, is in equilibrium with sparkling of champagne
in a glass; the equilibrium can be positively or negatively influenced
by non/using a detergent (the presence of a surfactant decreases the
rate of sparkle or the loss of carbon dioxide) (Liger-Belair, Jeandet,
20083).

Study of the relationship between the chemical composition of the
cuvée and optimal sparkling of the final product was based on inte-
rest of sparkling wine producers in this issue because of the lack of
studies addressing this topic. The aim of this study was to assess the
relationship between the course of the carbon dioxide release from
the wine and selected qualitative chemical and physicochemical pa-
rameters in a set of 10 high-quality sparkling wines.

2 MATERIALS AND METHODS

High-quality sparkling wines produced by Charmat method were
used in the study. Samples varied in colour and content of sugar
(Tab. 1). The V1-V7 samples were produced by BOHEMIA SEKT,

Tab. 1 Charakteristika vzorkd vin podle obsahu cukru a barvy / Classification of wine samples according to their sugar content and colour

Oznacéeni vzorkil / Identification Rozdéleni vzorkd podle obsahu cukru / Classification | Barva vina/ Wine colour
of samples of samples according to sugar content

VA demi sec bilé / white

V2 demi sec bilé / white

V3 sec bilé / white

V4 brut bilé / white

V5 demi sec rzové / rosé
V6 demi sec Cervené / red
V7 brut Blanc de Noirs
V8 brut bilé / white

V9 demi sec Blanc de blancs
V10 brut bilé / white
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lik, Zelezo, méd, oxid uhli€ity, polyfenoly) byly provedeny podle meto-
diky popsané v Nafizeni komise (EHS) ¢. 2676/90. Asimilovatelny
dusik byl stanoven potenciometrickou titraci na automatickém titrato-
ru (DL 22, Food&Beverage Analyzer, Mettler-Toledo). Do titraéniho
kelimku bylo odpipetovano 50 ml odplynéného vzorku vina, pfidalo
se 30ml destilované vody a 3ml roztoku 1 mol/l hydroxidu sodného
(PENTA, Chrudim). Kelimek byl umistén do drzaku titratoru, byla vlo-
zena kombinovana sklenéna pH elektroda (DM 115-SC, Mettler-To-
ledo) a vzorek byl upraven roztokem 0,1 mol/l hydroxidu sodného
(PENTA, Chrudim) pfesné na hodnotu pH 8,1. Za stalého michani
bylo pfidano 25 ml vodného roztoku 36—38 % formaldehydu (PENTA,
Chrudim) o pH 8,1. Vzorek se nechal 1 minutu ustat a pak za stélého
michani byl titrovan roztokem 0,1 mol/l hydroxidu sodného do pH
8,1.Vysledna hodnota formolového &isla byla stanovena jako primér
tfi paralelnich stanoveni. Tékavé latky byly izolovany metodou HS-
SPME na vlakno (50/30 pm, DVB/CAR/PDMS, Sigma Aldrich) a sta-
noveny s vnitinim standardem 1-oktanol (Lachema, Brno) pomoci
GC/MS analyzy (Agilent technologies 6890N Network GC Systém
s hmotnostnim detektorem). Povrchové napéti bylo stanoveno meto-
dou zavéSené kapky na tenziometru CAM 200 (KSV Instruments)
(metodika An: 2008).

Vina byla senzoricky hodnocena deseti proSkolenymi hodnotiteli
ve dvou kolech. Kazdé vino bylo hodnoceno jednou. Vina byla chla-
zena v lednici (4 °C), servirovaci teplota byla 10 +2 °C, nalévana byla
vzdy stejnym postupem do 100ml skleni¢ek s vyrytym dnem. Skle-
ni¢ky byly pfedtim vymyty horkou vodou bez pouziti detergentd, vy-
plachnuty destilovanou vodou o laboratorni teploté a uloZzeny dnem
vzhUru k vysu$eni. Pro senzorické posuzovani jakostnich znakt vin
byla vybrana stupnicova metoda (graficka strukturovana stupnice).
Ze znakl souvisejicich pfimo s kvalitou perleni se po 1.a 10. minuté
od naliti vina do skleni¢ky hodnotila intenzita perleni, pocet fetizkl
a velikost bublinek. Z dal$ich znaku byla ihned po naliti vina hodno-
cena kvalita a stalost pény a kvalita korunky.

Jako metoda objektivniho hodnoceni rychlosti perleni byla vyuZita
metoda, pfi které se sleduje hmotnostni Ubytek Sumivého vina
ve skleni¢ce po naliti z lahve v pravidelnych ¢asovych intervalech
(Liger-Belair, Jeandet, 2003), v naSem pfipadé po dobu 10 minut.
Lahve se vzorky byly pred otevienim podchlazovany, priimérna po-
¢atecni teplota nalitého vina byla 7°C. Pokles hmotnosti vin byl sle-
dovan pfi laboratorni teploté, teplota vina se postupné zvySovala
(prdmérné po 10 min od naliti o0 3,4 °C).

Korelaéni koeficienty byly vypocitany statistickym programem
Microsoft Office Excel 2007.

3 VYSLEDKY A DISKUSE

3.1 Kvalitativni parametry Sumivych vin

Pro experimentalni méfeni byla vybrana jakostni Sumiva vina vy-
robena metodou Charmat. U souboru vzorkl byly stanoveny zaklad-
ni parametry chemického slozeni vin, které se bézné méfi pfi vy-
stupni kontrole finalniho produktu. Zakladni kvalitativni parametry
byly rovnéz stanoveny v kupazi jednotlivych $arzi, z kterych byla Su-
miva vina (vzorky V1-V7) vyrobena. Podle literatury jsme rovnéz
zméfili dalSi parametry potencialné ovliviujici perleni Sumivych vin
(povrchové napéti, obsah polyfenoll, asimilovatelného dusiku, téka-
vych latek). Rozsah jednotlivych veli¢in, primérna hodnota a median
pro kupaz a hotovy produkt jsou shrnuty v tab. 2.

3.2 Senzorické hodnoceni

Senzorickou analyzou se vedle vzhledu, barvy, viiné a chuti hod-
noti kvalitativni znaky perleni. Smyslové pozadavky na jakost Sumi-
vého vina jsou uvedeny ve vyhlaSce 323/2004 Sb. v platném znéni.
Podle této vyhlasky je vyzadovano, aby jakostni Sumivé vino vykazo-
valo intenzivni, jemné dlouhotrvajici perleni. Naopak jako vada per-
leni se povazuje vino bez perleni, slabé perleni vykazujici znamky
tichého vina, nebo hrubé, kratkotrvajici perleni.

V grafu (obr. 1) jsou zaznamenany vysledky kvality pocatecni
pény, jeji stélosti a kvality korunky hodnocené ihned po naliti vina
do sklenicky, velikost bublinek a pocet fetizkd po 1. minuté a intenzi-
ta perleni po 1. a 10. minuté od naliti, pfi¢emz 10 bodU by bylo pfifa-
zeno vinu s idedlnimi parametry. Senzorickym hodnocenim téchto
jakostnich znakl perleni byly zjistény znaéné rozdily mezi jednotlivy-
mi vzorky vin. Optimalni stav perleni by se dal popsat jako dlouhotr-
vajici intenzivni perleni, malé az stfedné velké bublinky s vét§im po-
¢tem fetizkd bublinek. Tomuto optimalnimu stavu z hodnocenych vin
nejlépe odpovidal vzorek V3 (BOHEMIA SEKT sec), u kterého byla

a.s., Stary Plzenec, and for these we also include data on the basic
composition of the cuvee; the V8-V10 samples were purchased in
commercial chain stores. The wines were analyzed after 2-5 months
of bottling.

Routine analysis of wines (density, alcohol, extract, reducing sug-
ars, acidity, pH, volatile acids, carbon dioxide, pressure, tartaric
acid, potassium, iron, copper, sulfur dioxide, polyphenols) were per-
formed according to the methodology described in Commission
Regulation (EEC) No 2676/90. Assimilable nitrogen was determined
by potentiometric titration with an automatic titration unit (DL 22,
Food & Beverage Analyzer, Mettler Toledo). The 50 ml of degassed
wine sample was pipetted into a polypropylene beaker; the 30 ml of
distilled water and 3ml of 1M sodium hydroxide (PENTA, Chrudim)
was added. The beaker was placed into the holder of titrator, a com-
bined glass pH electrode (Mettler-Toledo DM 115-SC) was inserted
and the sample solution was adjusted to pH 8.1 with 0.1 M sodium
hydroxide (PENTA, Chrudim), following addition of 25ml of an 36 to
38 % formaldehyde solution (PENTA, Chrudim) (pH 8.1). The samp-
le was after 1 minute titrated with 0.1 M sodium hydroxide to pH 8.1.
The resulting value was determined as the average of three parallel
determinations.. Volatile compounds were isolated by HS-SPME on
fiber (50/30 pm, DVB / CAR / PDMS, Sigma Aldrich) and determi-
ned with an internal standard 1-octanol (Lachema, Brno) by GC /
MS analysis (Agilent Technologies 6890N Network GC system with
a mass detector). Surface tension was determined by the technique
of pendant drop by tensiometer CAM 200 (KSV Instruments) (Ano-
nymus: 2008).

The wine samples were assessed by ten trained assessors in two
rounds. Each wine was assessed once. The wines were chilled in
a refrigerator (4 °C); the serving temperature was 10 = 2° C, the wi-
nes were always poured by the same procedure into 100 ml glasses
with an engraved bottom. Prior to the tasting, the glasses were wa-
shed with hot water without detergent, rinsed with distilled water at
room temperature and stored upside down to dry. The scale method
(structured graphical scale) was used for sensory assessment of
wine quality characteristics. The characteristics which directly relate
to the quality of effervescence such as its intensity, the number of
bubble chains and the size of bubbles, were assessed 1 minute and
10 minutes after pouring the wine samples into glasses. Immediately
after pouring the wine into the glasses, other wine characteristics
were assessed, namely the quality and stability of the foam and the
collar quality.

To objectively evaluate the rate of sparkle, it was used the method
which monitors at regular intervals (in our study 10 minutes) the
weight decrease of sparkling wine in a glass after it has been poured
(Liger-Belair, Jeandet, 2003). Before opening, the bottles with the
samples were subcooled; the average initial temperature of the pou-
red wine was 7 °C. The weight decrease of the wine was monitored
at room temperature; the temperature of the wine gradually increa-
sed (on average by about 3.4 °C after 10 min from pouring).

Correlation coefficients were calculated using of statistical pro-
gram Microsoft Office Excel 2007.

3 RESULTS AND DISCUSSION

3.1 Qualitative characteristics of sparkling wines

High-quality sparkling wines produced by Charmat method were
selected for the experimental measurements. First, we determined
basic parameters of chemical composition of wines that are com-
monly measured during the inspection of final products. Basic quali-
tative parameters were also determined for each batch of the cuvée
from which the respective sparkling wines were produced (samples
V1-V7). We also searched in literature and subsequently measured
other parameters which potentially affect effervescence of sparkling
wines (such as surface tension, polyphenol content, assimilable ni-
trogen, volatile compounds). Range of parameters, average values
and medians for the cuvées and the final products are summarized
in Tab. 2.

3.2 Sensory evaluation

In addition to appearance of wine, its color, smell and taste; sen-
sory analysis assesses qualitative characteristics of effervescence.
Sensory requirements for the quality of sparkling wines are included
in Decree no. 323/2004 Coll. as amended. This decree requires that
effervescence of high-quality sparkling wines should be intense, fine
and long-lasting. On the contrary, if sparkling wine has coarse, short-
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zjisténa i nejlepsi kvalita po¢atecni pény a korunky, tzn. bohata péna
pokryvajici celou hladinu sklenice, pomérné stala, silna korunka.
Mezi vina s velmi dobrou kvalitou perleni by se daly zarfadit vzorky
V1 aV2 (oba BOHEMIA SEKT demi sec), s primérnou kvalitou napf.
vina V8 (Tarapaca) a V4 (BOHEMIA SEKT brut), naopak s podpri-
mérnou vzorek V10 (Saint Croix). Na druhou stranu, Zadny vzorek
nemél natolik slabé perleni, ze by se Sumivé vino dalo kvalifikovat
jako vino s defektem, bez perleni.

lasting sparkle or no sparkle at all it is considered to be an efferves-
cence defect.

Fig. 1 shows the assessment results of the initial foam quality and
its stability and the quality of the collar assessed immediately after
pouring the wine into glasses, the size of the bubbles and the number
of the bubble chains after 1 minute and the intensity of effervescence
after 1 minute and 10 minutes after pouring. 10 points would be as-
signed to the wine with optimal parameters. The sensory evaluation

Obr. 1 Hvézdicovy graf parametrl senzoric-
kého hodnoceni. Hodnota 10 odpovida ide-
alnimu stavu parametru a 0 naopak nejhor-
§imu stavu / Fig. 1 Star plot of sensory
evaluation parameter. Value 10 corresponds
to the optimal state of a parameter and 0 to
the worst state

A — Intenzita perleni po 1. minuté, B — Inten-
zita perleni po 10. minuté, C — Velikost bub-
lin, D — Pocet fetizk(, E — Pocate¢ni péna,
F — Perzistence pény, G — Kvalita korunky /
A — Intensity of effervescence after 1minute,
B — Intensity of effervescence after 10 minu-
tes, C — Bubble size, D — Number of chains,
E — Initial foam, F — Persistence of foam,
G — Collar quality

——V]1 —=V2

V3 V4 ==V5 ==V6 =4=V7 =4=V8 —4—=V9 —4=V10

Tab. 2 Zakladni kvalitativni parametry vzork( vin a odpovidajici kupaze / Basic qualitative characteristics of the wine samples and their re-

spective cuveé

Kupaz / Cuvée (n=7) Hotovy vyrobek / Final product (n=10)
Rozsah / Primér / Median / Rozsah / Primér / Median /
Range Mean Median Range Mean Median

Hustota pfi 20 °C / Density at 20°C (g/dm?q) 993.0-994.2 993.6 993.6 994.5-1007.1 1001.4 1000.1
Alkohol pfi 20 °C (obj. %) / Alcohol at 20°C (% vol.) | 10.0-12.1 10.8 10.6 11.1-12.5 115 11.3
Extrakt celkovy / Total extract (g/l) 18.5-26.1 20.6 19.3 27.1-57.4 43.2 39.1
Extrakt bezcukerny / Sugar free extract (g/l) 17.1-24.7 191 18 10.5-50.3 19.7 16.3
Redukujici cukry / Reducing sugars (9/1) 1.3-1.9 1.5 1.4 4.8-40.7 23.4 18.2
Kyselost / Total acidity (g/l) 5.8-6.7 6.1 6.1 5.2-7.0 5.8 5.6
pH 2.88-3.30 3.16 3.15 3.14-3.48 3.3 3.23
Teékavé kyseliny / Volatile acidity (g/l) 0.32-0.79 0.41 0.35 0.20-0.63 0.42 0.41
SO, volny / Free SO, (mg/l) 17-34 21 19 4-39 28 37
SO, veskery / Total SO, (mg/l) 106-134 119 121 57-201 152 178
Pretlak pfi 20 °C / Preassure at 20°C (MPa) - - - 0.35-0.55 0.47 0.48
CO, (g/) - - - 6.4-9.0 8 8.2
Polyfenoly / Polyphenols (mg/l) 109.9-200.1 144.8 169.7 179.1-1092.8 336.2 240.6
Asimilovatelny dusik /Assimilable nitrogen (mg/l) | 48.2-111.7 65.5 51 36.0-95.0 61.6 48.1
Tekavé latky / Volatile compounds (mg/l) - - - 1.72-22.45 8.71 4.19
Povrchové napéti / Surface tension (mN/m) - - - 45.7-53.1 49.8 50
Kyselina vinna / Tartaric acid (g/l) 2.1-3.1 2.8 2.7 - - -
Draslik / Potassium (mg/l) 610.8-942.3 728.6 694.9 - - -
Zelezo / Iron (mg/l) 1.85-9.52 5.21 4.79 - - -
Meéd / Copper (mg/l) 0.097-0.534 0.231 0.17 - - -
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3.3 Navrh metod objektivniho hodnoceni perleni

Senzorické hodnoceni perleni vina je zatizeno subjektivnimi po-
stoji hodnotitelll vice nez u jinych vlastnosti, jako je vzhled, barva,
vuné a chut. Senzorické hodnoceni musi byt proto provadéno zkuse-
nymi posuzovateli, v opaéném pfipadé jsou vysledky posuzovani
nekonzistentni. Proto byly v pribéhu let hledany zpusoby objektivni-
ho hodnoceni perleni a faktorl nebo projev, které s perlenim souvi-
si. Pro ur€eni rychlosti uvolfiovani rozpusténého oxidu uhli¢itého
v Sumivych vinech Ize sledovat pribéh zmén hmotnosti vina s po-
stupnym uvoliovanim obsahu oxidu uhli¢itého (Liger-Belair et al.,
2009a). Pribéh hmotnostnich kfivek je pouze jednim z parametrd,
protoZe nevypovida dostate€né o charakteru perleni, jak bublinky
fetizkuji, jakou maji velikost, v kolika nukleaénich bodech dochazi
k jejich tvorbé. Podobné byly testovany dalsi techniky, napfiklad sle-
dovani a pocitani bublinek Sumivého vina pouhym okem, které je
ov§em omezeno lidskou schopnosti pocitat s poZzadovanou presnos-
ti pfi vysoké frekvenci perleni. Dal§im pokusem bylo zaznamenavani
a vyhodnocovani zvuk( bublinek praskajicich na hladiné, kdy pocita-
¢em byla z nahranych dat uréena frekvence vznikajicich bublinek.
Tato metoda se ovSéem ukazala byt problematickd u napoju, u kte-
rych se na povrchu vytvari péna. Analyza obrazu je dal§i moznosti
pro urceni frekvence uvolfujicich se bublinek oxidu uhli¢itého. Meto-
da je zalozena na snimani urcitého retizku bublinek (z jednoho nuk-
lea¢niho mista) pomoci digitalniho fotoaparatu nebo kamery (Lynch,
Bamforth, 2002).

V této praci jsme pro kvantifikaci stupné perleni pouzili metodu, pfi
které se v pribé&hu ¢asu zaznamenava hmotnostni tbytek Sumivého
vina po naliti do skleni¢ky. Pokles hmotnosti vina je pfitom disled-
kem dvou jevl — odparovani slozek vina (max. 5% po 10 minutach)
a postupného uvoliiovani molekul CO, z pfesycené kapaliny (Liger-
Belair et al., 2009a). Ubytek hmotnosti je ovSem pouze relativni, jeli-
koz nezohlednuje vychozi obsah oxidu uhli¢itého ve ving, ktery byl
u jednotlivych vzork(i rozdilny (v rozsahu od 6,4 g/l az 9,0 g/l).
Na obr. 2jsou vysledky vyjadfeny jako procentudlni pokles hmotnos-
znamenan u vzorku V9 (J. P. Chenet), naopak nejvy$si u vzorku V8
(Tarapaca).

3.4 Korelace vysledku kvalitativnich parametra

Pokud by vyrobci Sumivych vin chtéli dosahnout idealniho perleni
ve svém kone€ném produktu, méli by vybirat vina uréena pro pfipra-
vu kupaze nejen na zékladé senzorickych vlastnosti, ale rovnéz se
zaméfit na parametry chemického slozeni vin, které by predurcily
lepsi kvalitu perleni. Zaroven je potfeba chapat perleni jako komplex-
ni jev, ktery zavisi na vyvazenosti zastoupeni rlznych parametra.

Obr. 2 Hmotnostni Ubytek v prvnich 10 minutach od naliti vzorku vin do sklenicky / Fig 2 Weight
decrease of the wine samples in the first 10 minutes after pouring into glasses

of these quality characteristics revealed significant differences be-
tween the wine samples. The optimal state of effervescence could be
described as long, intensive, with small to medium-sized bubbles
with a higher number of bubble chains. The assessed sample V3
(BOHEMIA SEKT sec) complied with this optimal state; it also had
the best quality of its initial foam and collar, i.e. abundant foam cover-
ing the whole glass surface, and a relatively stable, thick collar. The
V1 and V2 samples (both BOHEMIA SEKT demi sec) can be classi-
fied as wines with very good quality of effervescence, the samples
V8 (Tarapaca) and V4 (Bohemia Sekt Brut) with average quality, and
the sample V10 (St. Croix) with poor quality of effervescence. No
sample, however, sparkled so weak that the sparkling wine had to be
qualified as wine with a defect, without sparkle.

3.3 Proposed methods for objective evaluation of effervescence

Sensory evaluation of wine effervescence is influenced by subje-
ctive attitudes of evaluators more than other characteristics such as
appearance, colour, smell and taste. Sensory evaluation has to be
carried out by experienced judges; otherwise the results would be
inconsistent. Researchers have, therefore, over the years looked for
means of objective evaluation of effervescence and factors or mani-
festations relating to sparkling. To determine the release rate of dis-
solved carbon dioxide in sparkling wines we can monitor how the
weight of the wine changes, as the carbon dioxide is gradually being
released (Liger-Belair, Jeandet, 2003). The progress of weight cur-
ves is, however, only one of the parameters, because it does not
sufficiently reflect the character of effervescence, how the bubbles
form chains, what size they are, in how many nucleation points they
are formed. Similarly, other techniques have been tested, such as
monitoring and counting bubbles in sparkling wines with the naked
eye, but this was limited by human ability to count accurately the high
frequency of sparkling. Another attempt was to record and analyze
the sound of bubbles bursting on the surface and later determine
from the recorded data the frequency of emerging bubbles. This me-
thod, however, proved problematic for beverages where foam is for-
med on the surface. Image analysis is another option to determine
the frequency of emerging bubbles of carbon dioxide. The method is
based on scanning bubble chains (from one nucleation point) using
a digital camera or a video camera. (Lynch, Bamforth, 2002).

To quantify the degree of sparkle in our study, we monitored the
gradual weight decrease of the sparkling wine in a glass during the
course of time after it has been poured. Weight decrease is the result
of two phenomena — evaporation of wine components (up to 5% after
10 minutes) and progressive release of CO, molecules from the su-
persaturated liquid (Liger-Belair, Jeandet, 2003). The decrease is
only relative, however, as the initial con-
tent of carbon dioxide in the wine, which
was different for each sample (ranging
from6.4g/1t09.0g/1), is not taken into
account. The Fig. 2 shows the results
expressed as a percentage of the
weight decrease of the wine after 10
minutes from pouring samples into

0,16

glasses. We saw the lowest weight de-

Relativni hmotnostni ubytek / Relative weight decrease (%)

crease in the V9 sample (J. P. Chenet),
while the highest in the V8 sample
(Tarapaca).

3.4 Correlation of the qualitative
parameters results
If sparkling wines producers intend

vl to achieve optimal effervescence of
V2 their final product, they need to choose
V3 wines for cuvée preparation not only
—A—V4 on the basis of their sensory proper-
& V5 ties, but also take into consideration
-8-V6 chemical composition of the wines,
—*-V7 which would predetermine better qua-
—o-V8 lity of effervescence. It is also neces-
—A-V9 sary to understand effervescence as
—— V10 a complex phenomenon which de-

pends on the equilibrium of various
parameters. Statistical processing of
the results of the sparkling wines sen-

0,0 2,0 4,0 6,0 8,0

Cas / Time (min.)

sory analysis and qualitative parame-
12,0 ters analysis of cuvées (the samples
V1-V7) showed that intensity of effer-
vescence is affected by the content of
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Statistickym vyhodnocenim vysledk(l senzorické analyzy vin a ana-
lyzy kvalitativnich parametr(i kupaze (vzorky V1-V7) bylo zjisténo, ze
intenzita perleni je ovlivnéna obsahem polyfenoll (r = -0,91), drasli-
ku (r =-0,82) a médi (r = -0,74) a celkovym extraktem (r = -0,67).

Korelace vybranych parametr souvisejicich s perlenim a vysled-
ky analyzy kvalitativnich parametrt vin jsou shrnuty v tabulce (tab. 3).
Z téchto vysledku je patrné, Zze na optimalni stav perleni Sumivych
vin ma vliv cely soubor parametrd. Perleni vina je dané koncentraci
a intenzitou vyvoje oxidu uhli¢itého (Ribéreau-Gayon et al., 2006),
coz potvrdila silna korelace mezi intenzitou perleni a obsahem oxidu
uhli¢itého. Jako vyznamny parametr ovlivriujici perleni se jevi povr-
chové napéti, které je ovlivnéno nékterymi parametry chemického
slozeni — obsahem asimilovatelného dusiku (r = 0,82) a tékavych
latek (r = 0,61). Nepfimo umérna zavislost byla zjisténa mezi povr-
chovym napétim a intenzitou perleni a po¢tem fetizk(. Intenzita per-
leni a pocet fetizkl rovnéz silné koreluji s obsahem CO,, pfetlakem
a asimilovatelnym dusikem, pocet fetizkl je pfimo umeérny obsahu
oxidu sifi¢itého. Velikost bublinek silné koreluje s hustotou a celko-
vym extraktem. Pokud byla korelaéni matice vyhodnocena pouze
u sedmi vzorkl z produkce BOHEMIA SEKT, a.s., byla ziskana tés-
néjSi korelace mezi intenzitou perleni po 10 min a kyselosti (r=0,94)
a tékavymi kyselinami (r = -0,74).

4 ZAVER

S ohledem na maly pocet analyzovanych vzorkl nelze nize uve-
dené zavéry zcela generalizovat. Pfedlozend studie méla za cil vy-
tipovat ze Sirokého souboru analytl ty, které maji vyznamny vliv
na perleni konkrétnich vyrobku. Perleni Sumivych vin je dané kon-
centraci a intenzitou vyvoje oxidu uhli¢itého, tento fakt byl potvrzen
silnou korelaci mezi intenzitou perleni a obsahem oxidu uhli¢itého
(r=-0,67).

Statistickym hodnocenim bylo zjisténo, ze intenzita perleni a pocet
fetizkd vyznamné souvisi s povrchovym napétim, ovliviiovanym ze-
jména obsahem bilkovin (asimilovatelného dusiku) a tékavych latek.

Pokud by se méla mira perleni ovlivnit vybérem vin pro kupaz
s konkrétnimi parametry, pak by se méli vyrobci zaméfit zejména
na obsah polyfenold (r = -0,91).

Hmotnostni dbytek CO, ne vzdy zcela koreluje s optimalnim sen-
zorickym viemem perleni, je dulezité najit rovnovdhu mezi hmotnost-
nim Ubytkem a kvalitou vizualniho senzorického viemu perleni.

Tab. 3 Korelace senzorického hodnoceni s kvalitativnimi parametry (n =

tive parameters (n = 10)

polyphenol (r = -0.91), potassium (r = -0.82) and copper (r = -0.74)
and by total extract (r = -0.67).

Correlation of selected parameters related to effervescence and
results of the wines quality parameters analysis are summarized in
Tab. 3. From these results it is evident that optimal state of sparkling
wines effervescence is influenced by an entire set of different para-
meters. Effervescence was affected by concentration of CO, and in-
tensity of its formation (Ribéreau-Gayon et al., 2006), which was
confirmed by the strong correlation found between the intensity of
effervescence and the content of carbon dioxide. Another important
parameter influencing effervescence was surface tension which de-
pends on chemical composition — content of assimilable nitrogen (r =
0.82) and volatile compounds (r = 0.61). An indirect correlation was
found between the surface tension and the intensity of effervescence
and the number of bubble chains. The effervescence intensity and
the number of bubble chains also strongly correlated with the content
of CO,, pressure and the amount of assimilable nitrogen; the number
of bubble chains was directly proportional to the sulphur dioxide con-
tent. The size of bubbles strongly correlated with the density and the
total extract. If the correlation matrix only took into account the seven
samples produced by BOHEMIA SEKT, a.s. a stronger correlation
would be obtained between effervescence intensity after 10 minutes
and acidity (r = 0.94) and volatile acids content (r = -0.74).

4 CONCLUSIONS

With regard to the small number of analyzed samples, the fol-
lowing conclusions cannot be completely generalized. The aim of this
study was to select those analytes from a broad set which had a sig-
nificant impact on the effervescence of the specific products. Effer-
vescence of sparkling wines depends on concentration of carbon
dioxide and intensity of its formation. This fact was confirmed by fin-
ding a strong correlation between the effervescence intensity and the
content of carbon dioxide (r = -0.67).

Using statistical processing it was found that the effervescence
intensity and the number of bubble chains strongly correlated with
the surface tension which is mainly affected by the content of pro-
teins (assimilable nitrogen) and volatile compounds.

Provided that the cuvées composition influence the effervescence
of final wine, then sparkling wines producers should mainly focus on
the content of polyphenols (r = -0.91).

10) / Correlation between results of sensorial evaluation and qualita-

Intenzita perleni Intenzita perleni Velikost Pocet
po 1. min / Intensity po 10. min/ bublinek / fetizkd /
of effervescence Intensity of efferves- Size Number
after 1 minute cence after 10 minutes of bubbles of bubble chains

Povrchové napéti / Surface tension -0.75 -0.67 -0.08 -0.63
CO, 0.83 0.83 0.17 0.59
Pretlak /Pressure 0.79 0.80 0.26 0.59
Polyfenoly / Polyphenols -0.28 -0.28 0.25 -0.23
Asimilovatelny dusik / Assimilable nitrogen -0.59 -0.58 -0.16 -0.68
Teékavé latky / Volatile compounds -0.30 -0.23 0.02 -0.44
Hustota / Density 0.03 0.08 0.71 0.29
Alkohol / Alcohol -0.10 -0.16 -0.07 -0.52
Extrakt celkovy / Total extract 0.02 0.07 0.73 0.24
Extrakt bezcukerny / Sugar free extract -0.26 -0.34 0.33 -0.25
Cukr / Sugars 0.22 0.32 0.45 0.42
Kyselost / Acidity 0.05 0.05 0.12 -0.36
pH -0.12 -0.17 -0.06 -0.08
Tékavé kyseliny / Volatile acids -0.26 -0.26 -0.38 -0.19
SO, volny / Free SO, 0.38 0.42 -0.05 0.60
SO, veskery / Total SO, 0.39 0.41 -0.15 0.69

Tuéné: korelace vyznamna na hladiné a=0,05 / Bold: correlation significant on the level a=0.05
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