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Furdikova, K. — Malik, F.: Vplyv kvasiniek na aromaticky profil vina. Kvasny Prum. 53, 2007, ¢. 7-8, s. 215-221.

Na vzniku Sirokého spektra arom a chuti vina sa vedla inych faktorov vyznamnou mierou podiela proces fermentacie, a to ako pouzita kul-
tara kvasiniek, tak prirodzena mikrofléra vini¢a. V ¢lanku sa diskutuje zastipenie a mechanizmus vzniku senzoricky najvyznamnéjsich sku-
pin organickych zlu€enin — alkoholov, esterov, acetaldehydu, prchavych kyselin, terpénov, prchavych sirnych a fenolickych zlu€enin.

Furdikova, K. — Malik, F.: The influence of the yeast on aromatic profile of the wine. Kvasny Prum. 53, 2007, ¢&. 7-8, p. 215-221.

The proces of wine fermentation altogether with other factors have significant impact on the origin of broad bouquet and flavour spectrum
of the wine, both used yeast strain and natural microflora of the grapes. The mechanism of the origin of sensoric most important groups of
organic compounds — alcohols, esters, acetaldehydes, volatile acids, terpenoids, sulphuric compounds and volatile phenols and its compo-
sition are discussed in this article.

Furdikova, K. — Malik, F.: Der Einfluss der Weinhefepilze auf den aromatischen Profil des Weines. Kvasny Prum. 53, 2007, Nr. 7-8,
S. 215-221.

Auf die Bildung eines breiten Spektrums der Weinaromaten und und des -gechmacks neben anderen Faktoren nimmt bedeutend der
Garungsprozess teil und zwar sowohl die angewandte Hefepilzkultur als auch die natirliche Mikroflora des Traubens. Im Artikel wurde die
Zusammensetzung und Bildung der bedeutendesten Gruppen von organischen Verbindungen — Alkohole, Ester, Azetaldehyde, fllichtigen
Séauren, Terpenoids, Schwefelverbindungen und fliichtigen Phenols diskutiert.

dypaukosa, K. — Manuk, ®.: BnusHue gpoxokei Ha apomaTudeckui npodunb BuHa. Kvasny Prum. 53, 2007, Ho. 7-8, cTp. 215-221.

B o6pasoBaHum LLINPOKOro cnekTpa bykeTa U NPUBKYCOB BMHA 3HAYUTENBHO y4acTByeT NOMUMO ApYrux hakTopoB npoLecc 6poXKeHus,
KaK KynbTypa ApOXCOKEN, Tak M HaTypanbHas Mukpodriopa BuHorpaga. B ctatbe obcyxaaeTcsi 3amelleHne 1 MexaHu3Mm obpasoBaHus
KPYMHENLIMX MO CEHCOPVWIKE rpyrmn OPraHNYeCcKnx CoeAMHEHNN — CMMPTOB, 3OMPOB, aueTanbaernaa, neTy4nx KUCNOT, TEPNEHOB, NETYLHMX

cepocoaepalmx 1 OeHONbHbIX COEAUHEHWIA.
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1 UvoD

Aroma a chut vina su délezité charakteristiky, ktoré definuju roz-
diely medzi obrovskym mnozstvom druhov a typov vin po celom
svete. Vysledny aromaticky profil vina je utvarany primarnou aro-
mou odrody vini¢a, sekundarnou arémou vznikajucou v procese
fermentacie a terciarnou arémou (buketom) v procese zrenia vina.
Na sekundarne vznikajucu arému ma popri technoldgii najvacsi
vplyv prirodzena mikrofléra vini¢a, pripadne pouzita Cista kultura
kvasiniek. Kvasinky tieto senzoricky aktivne latky do fermentova-
ného mustu uvolfuju priamo, alebo ich nepriamo vytvaraju péso-
benim extracelularnych enzymov. Ich metabolizmom tak v kvasia-
com muste narastd koncentracia réznych prchavych sirnych
a fenolickych zli¢enin, aldehydov, alkoholov, prchavych kyselin,
aminokyselin, terpénov a esterov (obr. 1).

2 ALKOHOLY

VysSie alkoholy su vedlajsimi produktami alkoholovej fermenta-
cie a su vyznamnou zlozkou arémy vin a najma destilatov (tab. 7).
Koncentracie vysSich alkoholov pod 300 mg/l dodavaju vinu kom-
plexnost a plnost, zatial €o koncentracie presahujuce 400
mg/l vedu k silnej, zvieravej voni a chuti. Celkova koncentracia vys-
Sich alkoholov vo vinach je priblizne 100-500 mg/I, v Eervenych vi-
nach 140-417 mg/l a v bielych 162-266 mg/I [1].

Pouzitie réznych kmenov kvasiniek pocas fermentacie vedie
k rozmanitosti profilov vy§Sich alkoholov aj ich koncentracii [2]. Kon-
centracia aminokyselin (prekurzorov vyssich alkoholov) v muste
priamo umerne vplyva na koncentraciu vyssich alkoholov vo vine.
nolu, fermentacnej teploty, pH, zloZzenia mustu, aeracie, odrody,
vyzretosti hrozna a €asu nakvaSania. Nesaccharomycétne kva-
sinky vSeobecne prispievaju k vy§§im hladinam vyssich alkoholov.

Keywords: wine, aroma, fermentation, sensory active substances

1 INTRODUCTION

Wine aroma and flavour are important characteristics, which define
differences between the vast number of kinds and types of wine all over
the world. The resultant aroma profile of wine is formed by the primary
aroma of the grapevine variety, secondary aroma that forms during fer-
mentation and tertiary aroma (bouquet) from the wine secondary fer-
mentation. Apart from technology, natural grapevine microflora, per-
haps the pure yeast culture used, has the greatest influence on the
secondarily produced aroma. Yeast releases these sensory active sub-
stances into the fermenting must directly, or produce them indirectly by
the action of extracellular enzymes. Their metabolism causes a gro-
wing concentration of some volatile sulphur and phenolic compounds,
aldehydes, alcohols, volatile acids, amino acids, terpenes and esters
in the fermenting must (Fig. 7).

2 ALCOHOLS

Higher alcohols are by-products of alcohol fermentation and are an
important component of aroma of wines and especially distillates
(Tab. 1). Concentrations of higher alcohols below 300 mg/l give wine
complexity and fullness, while concentrations exceeding 400 mg/l lead
to a strong, astringent aroma and flavour. The total concentration of
higher alcohols in wines is approximately 100-500 mg/l, 140-417
mg/l in red wines and 162—266 mg/l in white wines [1].

The use of various yeast strains for wine fermentation leads to a di-
versity of higher alcohol profiles and their concentrations [2]. The con-
centration of amino acids (precursors of higher alcohols) in must di-
rectly affects the concentration of higher alcohols in wine. The final
concentration of these substances also depends on ethanol concent-
ration, fermentation temperature, pH, must composition, aeration,
grape variety, grape ripeness and time of fermentation. Non-Saccha-
romyces yeast generally contributes to higher levels of higher alcohols.
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Obr. 1/ Fig. 1 Schéma vzniku senzoricky aktivnych latok pomocou metabolizmu vinnych kvasiniek [7] / Diagram of sensory active substan-

ces formation with the help of metabolism of wine yeast [7]

3 ESTERY

Estery vo vine vznikaju reakciou alkoholov s organickymi kyse-
linami za posobenia kvasiniek a baktérii a prispievaju k ovocnému
charakteru vina. V biologickych systémoch je proces tvorby este-
rov katalyzovany esterazami. Stadie kvasinkovych esteraz za-
hffiaju mnohé rody (Brettanomyces, Debaryomyces, Saccharo-
myces, Rhodotorulla) [3]. Estery kyseliny octovej — etylacetat
a izoamylacetat su hlavnymi senzoricky aktivnymi zlozkami alko-
holickych napojov fermentovanych kvasinkami. Tieto estery su syn-
tetizované pomocou alkoholacetyltransferazy z acetyl CoA a pri-

Tab. 1 Alkoholy a estery vo vine [7] / Alcohols and esters in wine [7]

3 ESTERS

Esters in wine form in a reaction of alcohols with organic acids with
the help of yeast and bacteria action and contribute to wine’s fruity cha-
racter. The process of ester production in biological systems is cataly-
sed by esterase. Studies of yeast esterase include many strains (Bret-
tanomyces, Debaryomyces, Saccharomyces, Rhodotorulla) [3]. Esters
of acetic acid — ethyl acetate and isoamyl acetate are the main sen-
sory active components of alcoholic beverages fermented by yeast.
These esters are synthesized with the help of alcohol acetyltransfe-
rase from acetyl-CoA and the corresponding alcohol. Alcohol acetylt-

Latka / Substance Koncentracia Prah Aréma / Aroma
vo vine / vone /
Concentration | Perception
in wine (mg/l) | treshold (mg/l)

Propanol 9,0-68 500* drsna / harsh
= & | Butanol 0,5-8,5 150* banan, hruska / banana, pear
E _g Izobutanol / isobutanol 9,0-174 40* kvetinova, ruza, ovocna / floral, rose, fruity
© O | lzoamylalkohol / isoamylalcohol 6,0-490 30* banan, ovocie / banana, fruity
X O . . p .
=< Hexanol 0,3-12,0 4 sladka, parfémova / sweet, perfume

2-fenyletylakohol / 2-phenylethylalcohol 4,0-197 10* kvetinovd, ruzova, ovocna / floral, rose, fruity

Etylacetat / ethylacetate 22,5-63,5 7,5* kysla, ovocnd, lak na nechty / acidic, fruity, nailpolish
o Izoamylacetat / isoamylacetate 0,1-3,4 0,03* banan, hruska / banana, pear
o 2-fenyletylacetat / 2-phenylethylacetate 0-18,5 0,25* kvetinova, ruza, ovocna / floral, rose, fruity
8 Izobutylacetat / isobutylacetate 0,01-1,6 1,6™** banan, ovocie / banana, fruity
~ Hexylacetat / hexylacetate 0-4,8 0,7** sladka, parfémova / sweet, perfume
:q->,‘ Etylbutanoat / ethylbuthanoate 0,01-1,8 0,02* kvetinova, ovocna / floral, fruity
a Etylhexanoat / ethylhexanoate 0,03-3,4 0,05* zelené jablko / green apple
w Etyloktanoat / ethyloctanoate 0,05-3,8 0,02* mydlo / soapy

Etyldekanoat / ethyldecanoate 0-2,1 0,2%**** kvetinova, mydlova / floral, soapy
> 8
>
:;:; Acetaldehyd / acetaldehyde 30-300 100-125* ovocna / zhnité jablka / fruity, rotten apples
53
<<

*kk X,

*10% obj. etanol / ethanol 10% vol., **vino / wine,

Cervené vino / red wine,

*kkk *hkkk,

pivo / beer, syntetické vino / synthetic wine, ******voda / water
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slusného alkoholu. Alkoholacetyltransferdza je u S. cerevisiae ko-
dovana génmi ATF1 a ATF2 a je zodpovedné za syntézu etylace-
tatu a izoamylacetatovych esterov. Gén EHT1 koduje etanol-he-
xanoyl transferdzu a je zodpovedny za syntézu etylkaproatu.
Nadexpresiou ATF1 a EHT1 vyznamne narasta koncentracia pri-
slusnych esterov [4]. Estery mézu byt degradované pomocou es-
terazy. V pociatoénych fazach fermentacie pomocou S. cerevisiae
mozno zistit silnu produkciu etyl-, izoamyl- a hexylacetatovych es-
terov. Tato skuto€nost koreluje s narastom aktivity alkoholacetylt-
ransferazy. Aktivita tohto enzymu v stacionarnejfaze poklesne, zvy-
Suje sa aktivita esterazy a je mozné pozorovat ubytok esterov.
Kozkotvorné kvasinky S. cerevisiae var. capensis rastice na povr-
chu média (vina spod kozky, sherry) dokazu estery utilizovat ako
zdroj uhlika [5].

4 ACETALDEHYD

Acetaldehyd tvori priblizne 90 % celkového obsahu aldehydov
vo vine a je jednou z najdélezitejSich senzorickych zloziek vina.
Jeho hladina je v réznych druhoch vina rézna. Priemerne obsa-
huju ¢ervené vina 30 mg/l, biele 80 mg/l, a sherry 300 mg/l ace-
taldehydu [6]. V nizkych koncentraciach vytvara acetaldehyd pri-
jemnu ovocnu arému, vo vys$Sich koncentraciach aréma vina
pripomina zhnité jablka. Prahova koncentracia je 100-125 mg/I [7].

Acetaldehyd tvoria baktérie a kvasinky, najma kozkotvorné, a to
oxidaciou etanolu. Celkové mnozstvo acetaldehydu zavisi od druhu
a kmena kvasiniek, pretoze acetaldehyd je vedlajSim produktom
alkoholovej fermentacie. Koncentracia acetaldehydu zavisi aj od
kyslika a SO,. Vina fermentované v pritomnosti SO, obsahuju vys-
Sie koncentracie acetaldehydu, ¢o suvisi s rezistenciou uslachti-
lych kvasiniek vo¢i oxidu siri¢itému. SO, sa v podobe hydrogénsi-
ricitanu viaZze na acetaldehyd a vytvara s nim komplex — kyselinu
acetaldehydsiricitu [8]. Tento komplex je senzoricky neaktivny. Pri-
davok SO, nepotla¢a samotnu tvorbu acetaldehydu, moze iba mas-
kovat jeho senzoricky prejav. Koncentracia acetaldehydu stipa so
zvySujucou sa teplotou fermentacie.

5 PRCHAVE KYSELINY

Prchavé kyseliny su organické kyseliny s kratkym uhlikovym re-
tazcom. Ich koncentracia vo vine je obvykle 500 az 1000 mg/I (10-
15 % celkovych kyselin). 90 % prchavych kyselin predstavuje ky-
selina octova. Zbytok tvoria kyselina propiénova a hexanova, ktoré
su produktami metabolizmu mastnych kyselin. Kyselina octova so
svojou arémou octu ma negativne prejavy pri koncentraciach
0,7-1,1 g/l, v zavislosti od typu vina. Zvy&ajna koncentracia kyse-
liny octovej je 0,2—-0,7 g/l. Kmene Saccharomyces cerevisiae pou-
zivané vo vinarstve a vinarskom vyskume produkuju rézne mnoz-
stvéa kyseliny octovej (100 mg/l az 2 g/l). Maju tendenciu produkovat
kyselinu octovu v niz8ej koncentracii pri suchych vinach a vo vys-
Sej pri vinach sladkych [9]. Kryotolerantné druhy S. cerevisiae var.
bayanus a S. cerevisiae var. uvarum produkuju menej kyseliny oc-
tovej nez S. cerevisiae var. cerevisiae [10].

Kyselina octova je produkovana kvasinkami ako medziprodukt
glykolyzy. Vznika ako acetyl-CoA z pyruvatu pomocou série enzy-
mov (pyruvatdehydrogendzy, pyruvatdekarboxylazy, acetaldehyd-
dehydrogendzy a acetyl-CoA syntetazy. Aj ked Saccharomyces do-
kaze produkovat kyselinu octovu, jej nadmerné koncentracie sa vo
vine objavuju hlavne v dbsledku pdsobenia divych nesaccharo-
mycétnych kvasiniek [11] a oxidaciou etanolu pomocou aerébnych
octovych baktérii.

6 TERPENOIDY

Terpenoidy su po€etna skupina aromatickych latok, ktoré su pro-
dukované vy$Simi rastlinami, riasami a hubami v metabolickej
drahe biosyntézy sterolov z jediného prekurzora — geranylpyro-
fosfatu. Terpény sa vyskytuju v hrozne vacsiny odréd, no najvys-
Siu koncentraciu tychto latok mozno najst v aromatickych odrodach
vini¢a. Existuje vySe 400 prirodzene sa vyskytujucich terpénovych
latok, ale iba 40 ich bolo zistenych v hrozne alebo vine a relativne
malo z nich je dblezitych pre arébmu vina (fab. 2). Najvy$Sie za-
stupenie terpénov maju tzv. muskatové odrody (Muskat Otonel, Mo-
ravsky muskat, Irsaj Oliver, Muskat zlty, ...). Ich aréma je tvorena
kombinaciou troch terpenolov: geraniolu, linalolu a nerolu, pricom
geraniol je najdélezitejsi. Terpenoidy su v hrozne glykozidicky via-
zané na glukézu alebo niektoré disacharidy a vytvaraju adukty,
ktoré nemaju aromaticky charakter. Po¢as fermentacie sa viazané
terpenoidy uvolfiuju pésobenim glykozidaz, ktoré su produkované
hroznom, kvasinkami a baktériami [11]. Aktivita glykozidaz priamo
suUvisi s procesom uvolfiovania arémy a je nastrojom pre zvySenie

ransferase is encoded by the genes ATF1 and ATF2 for S. cerevisiae
and is responsible for the synthesis of ethyl acetate and isoamyl ace-
tate esters. EHT1 gene encodes ethanol-hexanoyl transfer and is res-
ponsible for the synthesis of ethylcaproate. The concentration of cor-
responding esters significantly increases with an increased activity of
ATF1 and EHT1 [4]. Esters can be degraded with esterase. A strong
production of ethyl-, isoamyl- and hexylacetate esters can be detected
in the initial phases of fermentation with S. cerevisiae. This actually cor-
relates with the increase of alcohol acetyltransferase activity. Activity
of this enzyme decreases in stationary phase, the activity of esterase
increases and a decline in esters can be observed. Velum-forming/flor
yeast S. cerevisiae var. capensis that grows on the surface of the me-
dium (wine from under pellicle, sherry) are able to utilize esters as
a source of carbon [5].

4 ACETALDEHYDE

Acetaldehyde accounts for approximately 90 % of total aldehydes
content in wine and is one of its most important sensory components.
Its level varies with kinds of wine. On average, red wines contain 30
mg/l of acetaldehyde, white wines 80 mg/l, and sherry wines 300
mg/I [6]. Lower concentrations of acetaldehyde create a pleasant fru-
ity aroma; with higher concentrations, the wine aroma resembles rot-
ten apples. The threshold concentration is 100—125 mg/I [7].

Bacteria and yeast, especially velum-forming/flor yeast, produce
acetaldehyde by ethanol oxidation. The total amount of acetaldehyde
depends on the yeast type and strain, because acetaldehyde is a by-
product of alcohol fermentation. Acetaldehyde concentration also de-
pends on concentration of oxygen and SO,. Wines fermented with
SO, present contain higher acetaldehyde concentrations, which re-
lates to the resistance of culture yeast against sulphur dioxide. SO,
bonds to acetaldehyde in the form of hydrogen sulphite and forms
a complex with it — acetaldehyde-sulphite acid [8]. This complex is
sensory inactive. Addition of SO, does not suppress acetaldehyde
formation; it can only mask its sensory activity. Acetaldehyde con-
centration increases with a growing fermentation temperature.

5 VOLATILE ACIDS

Volatile acids are organic acids with a short carbon chain. Their con-
centration in wine is usually 500 to 1000 mg/l (10-15% of total acids).
Acetic acid represents 90 % of volatile acids. The rest comprises of
propionic acid and hexanoic acid, which are products of the metabo-
lism of fatty acids. Acetic acid with its vinegar aroma has negative ef-
fects in concentrations 0,7-1,1 g/l, depending on wine type. The usual
concentration of acetic acid is 0,2-0,7 g/l. Saccharomyces cerevisiae
strains used in vineculture and wine research produce various amounts
of acetic acid (100 mg/l to 2g/l). They have a tendency to produce a lo-
wer concentration of acetic acid in dry wines and a higher concentra-
tion in sweet wines [9]. Cryotolerant strains S. cerevisiae var. bayanus
and S. cerevisiae var. uvarum produce less acetic acid than S. cerevi-
siae var. cerevisiae [10].

Acetic acid is produced by yeast as an intermediate product of gly-
colysis. It forms as acetyl-CoA from pyruvate with the help of row of
enzymes (pyruvatedehydrogenase, pyruvatedecarboxylase, acetalde-
hydedehydrogenase and acetyl-CoA synthetase). Although Saccharo-
myces manages to produce acetic acid, its excess concetrantions in
wine occur mainly as a result of activity of wild non-Saccharomyces
yeast [11] and oxidation of ethanol by aerobic acetic bacteria.

6 TERPENOIDS

Terpenoids are a plentiful group of aromatic substances, which are
produced by plants, algae and fungi in the metabolic pathway of bi-
osynthesis of sterols from a single precursor — geranyl pyrophosp-
hate. Terpenes are found in grapes of most varieties; the highest con-
centration of these substances can be found in aromatic varieties of
grapevines. Over 400 naturally occurring terpenic substances exist;
however, only 40 of them were detected in grapes or wine and rela-
tively few of them are important to wine aroma (7ab. 2). The so-cal-
led Muscadel/Muscat varieties (MuSkat Otonel, Moravsky muskat, Ir-
Saj Oliver, Muskat zlty,...) have the biggest representation of terpenes.
Their aroma is formed by a combination of three terpenes: geraniol,
linalol and nerol, whereas geraniol is the most important. Terpenoids
have glycosidic bonds with glucose or some disaccharides and form
adducts, which have no aromatic character. During fermentation, the
bonded terpenoids are released by glycosidases, which are produ-
ced by grape, yeast and bacteria [11]. Glycosidase activity is directly
related to the process of releasing aroma and is a tool for increasing
terpene aromas in wine. The origin of the enzyme and the structure
of aglycon determine the efficiency of hydrolysis of monoterpenyl-3-
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Tab. 2 Prchavé latky vo vine [7] / Volatile substances in wine [7]

Latka / Substance Koncentracia Prah Aréma / Aroma
vo vine / vone /
Concentration | Perception
in wine (ug/l'") | treshold (ug/l'")
2c
2 § Geraniol 1-44 Bxr**x/30* ruzové drevo / rosewood
5 8 | Linalol 1,7-10 1,5%****[p5*** ruzova / rose
% 2 | Citronelol 15-42 8******/100* citronelova, eukalyptova / citronella, eucalyptus
5 ¢
=
Sulfan / sulphide Stopy/traces—80 | 10-80****** hnilé vaji¢ka / rotten eggs
Metantiol / methylthiol 2,1-51 0,3***** hnila voda / stale water
Etantiol / ethyithiol 1,9-18,7 1,1 cibula, guma, zemny plyn / onion, rubber, natural gas
Dimetylsulfid / dimethylsulphide 1,4-61,9 P15 e Spargla, kukurica, melasa,hluzovka / beans, corn,
molasses, truffle
Dietylsulfid / diethylsulphide 4,1-31,8 0,93****** varena zelenina, cibula, cesnak / boiled vegetables,
7 onion, garlic
;E Dimetyldisulfid / dimethyldisulphide 2 15,2 x> varena kapusta / boiled cabbage
£ g Dietyldisulfid / diethyldisulphide Stopy/traces-85 4,3xrr* cesnak, spalena guma / garlic, burnt rubber
S & | Metionol / methionol 140-5000 50Q****** karfiol, kapusta, zemiaky / cauliflower, cabbage,
g § potatoes
N O | Benzotiazol / benzthiazole 0-11 5O * guma / rubber
2 _g Tiazol / thiazole 0-34 3 pukance, arasidy / popcorn, peanuts
‘= & | 4-metyltiazol / 4-methylthiazole 0-11 B zeleny lieskovec / green filberts
o 7 | 2-furanmetantiol / 2-furanmethylthiol 0-350 ng/l 1 ng/I****** spalena guma / prazena kava / burnt rubber / roasted
T o coffee
§ 'ﬁ Tiofén-2-tiol / thiophene-2-thiol 0-11 0,8****** spalena guma, prazena kava / burnt rubber, roasted
o § coffee
4-merkapto-4-metylpentan-2-6n / 0-30 ng/I 3 ng/I****** "Sauvignon blanc” aréma
4-mercapto-4-methylpentan-2-ol macaci mo¢, kruspan, Cierne ribezle / Sauvignon
Blanc aroma, cat urine, boxwood-box, black currant
3-merkaptohexan-1-ol / 0,5-5 60 ng/I***** granatové jablko, grapefruit / pomegranate, grapefruit
3-mercaptohexan-1-ol
3-merkaptohexylacetéat / 1-100 ng/l 4 ng/IF “rizlingova” aréma, granatové jablko / “riesling” aroma,
3-mercaptohexylacetate pomegranate
=
_g § 4-etylfenol / 4-ethylphenol 0,012-6,5 0,14*/0,6****** | stajfia, konské sedlo / stale, horse saddle
2 -g_ 4-etylguajakol / 4-ethylguaiacol 0,001-0,44  |0,033*/0,11******| dymovo korenistd / smoke-spicy
) 4-vinylfenol / 4-vinylphenol 0,04-0,45 0,02*** farmaceutickd, leukoplast / medicinal, bandage
8 E 4-vinylguajakol / 4-vinylguaiacol 0,0014-0,71 10™* fenolickd, klinéekova / phenolic, maiden pink
S3
oS

*10% obj. etanol / ethanol 10% vol., **vino / wine, ***€ervené vino / red wine, ****pivo / beer, *****syntetické vino / synthetic wine, ******voda / water

terpénovych arém vo vine. Pévod enzymu a Struktira aglykénu de-
terminuju efektivnost hydrolyzy monoterpenyl-$-D-glukozidov po-
mocou B-glukozidaz. Ak je hrozno spravne vyzreté, hydrolyza by
mohla prebiehat pomocou endogénnych hroznovych p-glukozidaz.
Tieto enzymy vSak nevykazuju vo&i hroznovym terpenyl-glykozi-
dom Ziadnu aktivitu. Je to spdsobené nizkou stabilitou pri nizkom
pH, inhibi¢énym vplyvom glukézy a vysokou koncentraciou etanolu.

V8eobecnym trendom vo vinarstve je zvySovat produkciu mono-
terpénov vo vine. Mutantné kmene Saccharomyces s umelymi de-
fektami v sterolovej drahe su schopné syntetizovat terpenoidy
v koncentracii, v akej su pritomné v hrozne. Niektoré prirodné
kmene kvasiniek su toho schopné tiez. Vy88ie koncentracie utili-
zovatelného dusika stimuluju mimo iné aj produkciu monoterpénov
[12]. Niektoré kmene Saccharomyces cerevisiae vykazuju B-glu-
kozidazovu aktivitu, ale ich aktivita voc¢i glykozidovym prekurzorom
je slaba [13]. Pridavok exogénnej p-glukozidazy pocas fermenta-
cie je o mnoho efektivnejsSia cesta, ako zlepSit hydrolyzu glyko-
konjugatov a rozvinut véru vina. Ako producenti 3-glukozidaz boli
Studované nesaccharomycétne rody Brettanomyces/Dekkera,
Candida, Debaryomyces, Kloeckera, Hanseniaspora, Schizosac-
charomyces, Zygosaccharomyces a Pichia [14, 15]. Najvhodnej-
Sou pre vinarstvo je p-glukozidaza pévodom z Debaryomyces
pseudopolymorphus [16]. Je rezistentna voci vSetkym inhibitorom
spojenym s vyrobou vina (glukéza, etanol, SO,) a jej pH optimum
je 2,5-3,8. Pridavok tohto enzymu do mustu chardonnay vyustil do
zvySenia koncentracii citronelolu, nerolu a geraniolu.

Inym rieSenim je vyvoj mutantného kmefa S. cerevisiae so za-
budovanym p-glukozidazovym a f-L-arabinofuranozidazovym gé-
nom [17, 18, 19]. Vina produkované pomocou takychto transfor-
movanych kvasiniek obsahuju okrem vaésieho mnozZstva

D-glucosides by various p-glucosidases. If the grape is well ripened,
hydrolysis could proceed by endogenous grape B-glucosidases. Ho-
wever, these enzymes do not display any activity with grape terpe-
nyl-glycoside. It is caused by the low stability at low pH; the inhibitory
effect of glucose; and the high concentration of ethanol.

A general trend in vineculture is to increase the production of mo-
noterpenes in wine. Mutant strains of Saccharomyces with artificial de-
fects in sterol pathway are capable of synthesizing terpenoids in the
same concentration as they are present in grapes. Some natural stra-
ins of yeast are capable of this as well. Higher concentrations of utili-
zable nitrogen stimulate among others also the production of mono-
terpenes [12]. Some strains of Saccharomyces cerevisiae display
B-glucosidase activity, but their activity with glycoside precursor is weak
[13]. Adding exogenous B-glucosidase during fermentation is a much
more effective way of improving hydrolysis of glycoconjugates and de-
veloping the aroma of wine. Non-Saccharomyces strains Brettanomy-
ces/Dekkera, Candida, Debaryomyces, Kloeckera, Hanseniaspora,
Schizosaccharomyces, Zygosaccharomyces and Pichia were studied
as producers of B-glucosidase [14, 15]. f-glucosidase originating from
Debaryomyces pseudopolymorphus is the most suitable for vinecul-
ture [16]. It is resistant against all inhibitors related to winemaking (glu-
cose, ethanol, SO,) and its pH optimum is 2,5-3,8. Adding this enzyme
to the must of Chardonnay resulted in increased concentrations of ci-
tronelol, nerol and geraniol.

Another solution is developing mutant strain S. cerevisiae with an
embedded u-glucosidase and B-L-arabinofuranosidase gene [17, 18,
19]. Wines produced by such transformed yeast contain not only
a larger amount of monoterpenes, but increased ester concentrati-
ons as well [20]. Ugliano et al. [21] studied hydrolytic activity of va-
rious natural strains Saccharomyces cerevisiae during splitting of
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monoterpenolov tiez zvySené koncentracie esterov [20]. Ugliano
a kol. [21] Studovali hydrolyticku aktivitu réznych prirodnych kme-
flov Saccharomyces cerevisiae pri Stiepeni glykozidov aromatickej
odrody White Frontignac. Hydrolyza tychto glykozidov viedla k uvol-
neniu monoterpénovych alkoholov, terpénovych oxidov a diolov,
¢im demonstrovali potencial tychto kmenov vytvarat odrodovy cha-
rakter vina pocas alkoholovej fermentécie.

7 SIRNE ZLUCENINY

Prchavé sirne zlu¢eniny hraju signifikantnu rolu v aréme vina. Je
to spojené s ich vysokou prchavostou, reaktivitou a intenzivnym
prejavom aj pri velmi nizkych koncentraciach [22]. Niektoré zo sir-
nych zlu€enin su dblezité pre kvalitu vina, iné spésobuju silne ne-
gativne zapachy, a to i pri extrémne nizkych koncentraciach. Tvorbu
prchavych sirnych zlu€enin ovplyvnuju organické a anorganické
sirne zlu¢eniny, vyzivové parametre mustu a metabolizmus kvasi-
niek (obr. 2). Vacsina prchavych sirnych latok, nachadzajucich sa
vo vine, sa vytvara pocas alkoholovej fermentacie kvasinkami Sac-
charomyces cerevisiae. Nadmerna produkcia H,S pocas fermen-
tacie, zapri¢inena deficitom utilizovatelného dusika a aminokyse-
lin, vedie k nadprodukcii dalSich neprijemnych sirnych zluc¢enin.

NajznamejSou sirnou zli€eninou vo vine je sulfan (sirovodik).
Jeho aréma pripomina hnilé vajcia a prah véne je 10-80 ug/l. Sul-
fan je vysoko reaktivna zlu¢enina, ktora generuje nové senzoricky
aktivne latky [22]. Rast buniek a ich metabolizmus je podmieneny
dostatkom sirnych latok, ako su cystein, metionin, S-adenozylme-
tionin a glutation. Ak tieto latky vo vyZive kvasiniek absentuju, bunka
ich musi syntetizovat z anorganickych sirnych komponentov. Do-
chadza tak k redukcii siri¢itanov a siranov na sulfan [23], ktory je

glycosides of the aromatic variety White Frontignac. Hydrolysis of
these glycosides led to the release of monoterpene alcohols, ter-
pene oxides and terpene diols. Whereby they demonstrated the po-
tential of these strains to produce variety character of wine during
alcohol fermentation.

7 SULPHUR COMPOUNDS

Volatile sulphur compounds play a significant role in wine aroma. It re-
lates to their high volatility, reactivity and vigorous effect even in very low
concentrations [22]. Some sulphur compounds are important for wine
quality, other ones cause strong negative smells, even in extremely low
concentrations. The formation of volatile sulphur compounds is influen-
ced by organic and inorganic sulphur compounds, nutritional parame-
ters of the must and yeast metabolism (Fig. 2). The majority of volatile
sulphur substances found in wine forms during alcohol fermentation by
Saccharomyces cerevisiae yeast. Excessive production of H,S during
fermentation caused by a deficit of utilizable nitrogen and amino acids
leads to the overproduction of other unpleasant sulphur compounds.

The most known sulphur compound in wine is sulphide. Its aroma
reminds of rotten eggs and the threshold is 10-80 ug/l. Sulphide is
a highly reactive compound, which generates new sensory active sub-
stances [22]. Cell growth and their metabolism depends on sufficient
amount of sulphur substances like cysteine, methionine, S-adenosyl-
methionine and glutathione. If yeast nutrition is lacking these substan-
ces, the cell must synthesize them from inorganic sulphur components.
Reduction of sulphites and sulphates into sulphide, which is the pre-
cursor of sulphuric amino acids, takes place [23]. Grape must is typi-
cally deficient in organic sulphur compounds, which is an indication of
their synthesis from inorganic sources that are commonly present in
the must [24, 25].
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prekurzorom sirnych aminokyselin. Hroznovy must je typicky defi-
cientny na organické sirne zlu€eniny, ¢o je signalom pre ich syn-
tézu z anorganickych zdrojov, bezne pritomnych v muste [24, 25].
Pocas fermentécie existuju dve fazy produkcie sulfanu. H,S pro-
dukovany na zaciatku fermentécie je asociovany s rastom kvasi-
niek a typickym nedostatkom nutrientov — fosfore€nanu aménneho
a kyseliny pantoténovej. Hladina 60-250 mg/I asimilovatelného du-
sika a 250 mg/l kyseliny pantoténovej zabezpedi signifikantné zni-
Zenie produkcie H,S a inych prchavych sirnych zlu¢enin [26]. Pan-
totenat je délezitou sucastou koenzymu A, ktory je potrebny na
syntézu O-acetylserinu a O-acetylhomoserinu, dusikatych latok
schopnych viazat sulfan. Ak v muste chybaju dusikaté latky, najma
v8ak aminokyseliny, H,S sa nema na €o viazat a uvolfuje sa do
prostredia [27].
Mechanizmus tvorby sulfanu po€as zavere€nej fazy kvasenia nie
je jasny. Predpoklada sa, Ze v tejto faze je rozhodujucim Einitelom
kmen kvasiniek [24, 28]. U Saccharomyces cerevisiae je sulfan pro-
duktom metabolickej drahy (sulfate reduction sequence) a je med-
ziproduktom v biosyntéze sirnych aminokyselin. Schopnost kmena
produkovat H,S je dané geneticky. Pri rovnakych podmienkach pro-
dukuju rézne kmene r6zne mnozstva sulfanu [28].

Merkaptany vznikaju metabolickym zasahom kvasiniek a ich
prekurzorom méze byt sulfan. V zavislosti od koncentracie a typu
moézu merkaptany zapachat alebo prijemne vonat (fab. 2). Naj-
beznejsimi merkaptanmi vo vine su metantiol a etantiol. Su to ty-
picky zapachajuce latky. Napriek tomu niektoré merkaptany v niz-
kych koncentraciach prijemne vonaju a tvoria tzv. odrodovy
charakter hrozna i vina [3]. Napriklad 4-merkapto-4-metylpentan-
2-6n (4AMMP) je latka zodpovednd za odrodovy charakter sorty
Sauvignon blanc [29], 3-merkaptohexylacetat (3MHA) zase za
arému Rizlingu rynskeho.

Prchavé tioly sa v hrozne nevyskytuju vo volnej forme, objavuju
sa iba pocas fermentéacie. Prchavy 4MMP, typicky pre Sauvignon
blanc, je v muste viazany na cystein a vytvara neprchavu zluce-
ninu [30]. Aby sa z tohto komplexu uvolnil, potrebuje zasah kvasi-
niek. Saccharomyces cerevisiae UCinkom karbonsulfurlyazy
sprostredkiva Stiepenie neprchavych cysteinovych prekurzorov
(Cys-4MMP) a uvolfiuje sa prchavy tiol. Z technologického hladiska
ma volba kmena kvasiniek a fermentacna teplota rozhodujuci vplyv
na koncentraciu odrodovych arém Sauvignon blanc.

8 PRCHAVE FENOLY

Pritomnost prchavych fenolov sa vSeobecne povazuje za chybu,
hoci etyl-4-guajakol a v menSej miere aj vinyl-4-guajakol mozu po-
zitivne prispievat k atraktivnosti aromy a buketu vina. Ich pozitivny
efekt zavisi od odrody vini€a. Vinyl-4-guajakol je povazovany za de-
fekt u odrody Kerner, ale pozitivne vplyva na arému odrody Tramin
Cerveny.

Skoro jedna tretina franctizskych vin obsahuje hladiny prchavych
fenolov nad prahovou koncentraciou. Mnozstvo etyl- a vinylfenolov
pritomnych vo vine sa zvySuje pri lisovani hrozna, nedostatoénom
odkaleni, pouziti ur€itych kmerov kvasiniek a dlh§om kontakte so
Supkami (nakvasSanie). Prchavé fenolické latky etyl-4-guajakol
a etyl-4-fenol su typickymi produktami kvasiniek rodu Brettanomy-
ces a vytvaraju tzv. ,bretty“ arému vina [31].
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Two phases of sulphide production exist during fermentation.
H.,S produced at the beginning of fermentation is associated with ye-
ast growth and typical lack of nutrients — ammonium phosphate and
pantothenic acid. The level of 60-250 mg/I of assimilable nitrogen and
250 mg/l of pantothenic acid will ensure a significant decline in pro-
duction H,S and other volatile sulphur compounds [26]. Pantothenate
is an important component of coenzyme A, which is necessary for the
synthesis of O-acetylserine and O-acetylhomoserine, nitrogen com-
pounds capable of bonding with sulphide. If the must lacks nitrogen
compounds, especially amino acids, then H,S has nothing to bond to
and is released into the environment [27].

The mechanism of sulphide production during the final phase of fer-
mentation is unclear. It is assumed that the yeast strain is the deciding
factor in this phase [24, 28]. When dealing with Saccharomyces cere-
visiae, sulphide is the product of a metabolic pathway (sulphate re-
duction sequence) and is an intermediate product in thié/nthesis
of sulphuric amino acids. The strain’s ability to produce geneti-
cally given. Under the same conditions, various strains produce vari-
ous amounts of sulphide [28].

Mercaptans form by a metabolic interference of yeast and their pre-
cursor can be sulphide. Depending on the concentration and type, mer-
captans can either stink or smell pleasantly (7ab. 2). The most com-
mon mercaptans in wine are methylthiol and ethylthiol. These
substances smell typically. Despite that, some mercaptans smell ple-
asantly in low concentrations and form the so-called variety character
of grape and wine [3]. For example, 4-mercapto-4-methyl-pentan-2-one
(4MMP) is a substance responsible for the variety character of Sau-
vignon Blanc sort [29], 3-mercaptohexylacetate (3MHA) for the aroma
of Rhine Riesling.

Volatile thiols are not found in grapes in free form; they appear only
during fermentation. Volatile 4MMP, typical to Sauvignon Blanc, is bon-
ded to cysteine and forms a non-volatile compounds in the must [30].
In order to be free from that complex, it needs yeast interference. By
action of carbonsulphurlyase from Saccharomyces cerevisiae splitting
of non-volatile cysteine precursors (Cys-4MMP) appears thus volatile
thiol is released. From a technological perspective, the selections of
yeast strain and fermentation temperature have a deciding influence
on the concentration of variety aromas of variety Sauvignon Blanc.

8 VOLATILE PHENOLS

The presence of volatile phenols is generally regarded as a mistake;
although ethyl-4-guajacol and in a smaller amount also vinyl-4-guaja-
col can positively contribute to the attractiveness of aroma and bou-
quet of wine. Their positive effect depends on the grapevine variety. Vi-
nyl-4-guajacol is considered a defect for the Kerner variety, but positively
affects the aroma of Red Traminer variety.

Almost one third of French wines contain levels of volatile phenols
above the threshold concentration. The amount of ethyl- and vinyl phe-
nols present in wine is increased by grape pressing, insufficient sedi-
ment separation, use of certain strain yeast and longer contact with
grape skins (maceration). Volatile phenolic substances ethyl-4-guaja-
col and ethyl-4-phenol are typical products of yeast of Brettanomyces
strain and produce the so-called “bretty” (odors reminiscent of horse
sweat and stables) wine aroma [31].
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