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Bola overena moznost pripravy nizkoalkoholického piva pomocou
mutantnych kmerov pivovarskych kvasiniek s defektom v enzymoch
citratového cyklu. Mutaény faktor — UV Ziarenie — bol pouzity na Styri
zbierkové kmene Saccharomyces cerevisiae a na Styri izolaty kva-
siniek spodného kvasenia zo slovenskych pivovarov. Ziskalo sa 16
mutantov, z ktorych desat produkovalo pozadované organické ky-
seliny. Po fermentacii 11% mladin bol vo v8etkych mladych pivach
obsah alkoholu v rozmedzi od 0,54 do 0,64 % obj., pH kolisalo v roz-
medzi hodn6t 4,2—4,7. Ostatné parametre piv boli tiez v rozsahu bez-
nom pre nizkoalkoholické piva.

Selecky, R. — Smogroviéova, D. — Sulak, M.: Low-Alcoholic Beer
Production Using Mutant Brewing Yeast. Kvasny Prum. 51, 2005,
No. 7-8, p. 235-239.

Possibility of low-alcoholic beer production by brewing yeast mu-
tant in genes corresponding to tricarboxylic acid cycle enzymes was
investigated. Four collection strains of Saccharomyces cerevisiae
and four strains of brewing yeast isolated from Slovak breweries was
exposed to UV radiation. As a result we have obtained 16 mutant
yeast, ten of them were able to produce required organic acids. Af-
ter fermentation of 11 % w/w. wort the final young beers showed al-
cohol content between 0.54-0.64 % v/v., pH varied between 4.2-4.7.
Other parameters did not differ too much from those of classical low-
alcoholic beers.

Klucové slova: pivovarské kvasinky, UV mutagenéza, cyklus tri-
karboxylovych Kyselin, nizkoalkoholické pivo

1 UvoD

Nealkoholické pivo zahffia do svojho sortimentu ¢oraz viac pivo-
varov. Je to v8ak aj jeden z najproblematickejSich vyrobnych artik-
lov a vyZaduje si zna¢né zmeny vyrobnych postupov. Navyse kvoli
absencii alkoholu sa svojou chutou zna¢ne odchyluje od piv alko-
holickych a konzument to reflektuje. Napriek tomu, Ze dialyza[1] are-
verzna osmoza su uz dnes v priemysle na zna¢ne vysokej Urovni
a dovoluju vyrabat nealkoholické piva bez tepelného zataZenia
a dobrej kvality, neodstranuju ich prazdnu mladinovu chut. Z také-
hoto uhla pohladu je vyhodnejSie pouzivat obmedzenu fermentaciu
pomocou volnych alebo imobilizovanych pivovarskych kvasiniek. Po-
kusy s geneticky manipulovanymi kvasinkami su zatial iba opatrné,
aj ked niektori vyrobcovia uz na vyrobu nealkoholickych piv pouzi-
vaju mutantné kmene kvasiniek produkujuce malo etanolu. Nasa
praca sa zamerala hlavne na tuto problematiku.

Adachi a kol. [2] pouzili vo vsadzkovych a semikontinualnych fer-
mentaciach s pristupom kyslika aj bez neho rekombinantny kmen
Saccharomyces cerevisiae, ktory mal preruSeny gén PDC1 pre py-
ruvatdekarboxylazu. Do kvasinky bol zaroven transformovany plaz-
mid nesuci LDH-A Strukturny gén pre laktatdehydrogenazu. Pri pH
4,5 bola zaznamenana maximalna hodnota koncentracie etanolu
20,15 g.I'" a pri pH 3,5 iba 19,01 g.I'" etanolu. Mutant s preruSenym
PDC1 tvoril priblizne o tretinu menej etanolu v porovnani s rodi¢ov-
skym kmenom.

Vyskumnici z Technickej univerzity v Berline [3] k zniZzeniu obsahu
etanolu v pive nadmerne exprimovali gén GPD 1 kédujuci glycerol-
3-fosfatdehydrogenazu v pivovarskej kvasinke Saccharomyces ce-
revisiae var. carlsbergensis. Obsah glycerolu v experimente simu-
lujuicom kvasenie na 11,38% mladine vzrastol 5,6krat, mnozstvo

Selecky, R. — Smogroviéova, D. — Sulak, M.: Die Alkoholarmes-
bierherstellung durch Bierhefenmutantstdmme. Kvasny Prum.
51, 2005, Nr. 7-8, S. 235-239.

Es wurde die Moglichkeit der Alkoholarmesbierherstellung durch
die Anwendung der Bierhefenmutantstimme mit einem in den Zyt-
ratzyklusenzymen Defekt getestet. Der Mutantfaktor — UV Strahlung
—wurde auf vier Sammlungsstdmme Saccharomyces cerevisiae und
auf vier Isolate der Untergéarigehefestimme aus den slowakischen
Bierbrauereien angewandt. Es wurden 16 Mutante erhalten, davon
10 Stdmme die gewlnschte organische Saure produzierten. Nach
der Hauptgarung von allen 11% Wiirzen wurde der Alkoholgehalt
des gesamten hergestellten Jungbieres im Bereich 0,54-0,64 %
(Vol.) und der pH Wert im Bereich 4,2—4,7 festgestellt. Die andere
Parameter liegen im Bereich, geléufig fir ein alkoholarmes Bier.

Ceneuku, P. — LLimorposuyosa, [l. — Wynak, M.: lMpoussoacteo
HU3KOanKorosibHoro nusa MYTaHTHbIMMU NMUBHbIMU
ppoxokamu. Kvasny Prum. 51, 2005, Ho. 7-8, cTp. 235-239.

[MpoBepsnacb BO3MOXXHOCTb MPOU3BOACTBA HU3KOANKOrONbHOro
nMBa MNpyY MOMOLM MYTaHTHbIX LUTAMMOB MMBHbIX OPOX>KEN C
AedeKTOM B 3H3UMax uMTpatoBoro uukna. dakrtop mytaumm —
ynbTpaguroneTosoe n3ny4eHve — 6bIS10 UCMOMb30BaHO Y YeTblpex
wrammMoB Saccharomyces cerevisiae 3 6aHka [POXKEN n y
YeTbIpeX N301aTOB HU30BOrO HPOXKEHNSA N3 CIOBALKNX MMB3ABOL0B.

Bbino nonyyeHo 16 MyTaHTOB, U3 KOTOPbIX AECHATb NPOU3BOAWIIO
Xenaemble opraHudeckume  Kucnotbl.  [ocne  6poxerHus 11
NMPOLEHTHOBO CyCra Haxo4Wach ypoBEHb ankorons BO BCEX MOMOAbIX
nuBax B npegenax 0,54—0,64 % o6bem., pH Konebnanock B npegenax
BenuuuH 4,2—4,7. OcTanbHble napameTpbl MWB HaxXO4uUNUCb B
npefenax 06bIKHOBEHHbIX A1 HU3KOANKOroJIbHbIX MUB.

Keywords: brewing yeast, UV mutagenesis, tricarboxylic acid cycle,
low-alcoholic beer

1 INTRODUCTION

Alcohol-free beer includes in its assortment still more breweries
but it is one of the most problematic article due to differences in re-
cipe and production methods. Because of absenting alcohol differs
from alcoholic beers in its taste and consumer reflects it. In spite of
fact that dialysis [1] and reverse osmosis are sophisticated industrial
methods that enable brewers to produce non-alcoholic beer of good
quality without thermal stress, they do not eliminate its worty-off fla-
vour and taste. From this point of view seems to be limited fermen-
tation with free or immobilized yeast preferable. Experiments with
genetic manipulated yeast are still cautious, otherwise some bre-
weries use mutant strains of yeast producing less ethanol for non-
alcoholic beer brewing. Our work has been oriented to this topic.

Adachi et al. [2] used for low-alcoholic beer production in batch
and fed-batch fermentations, under aerobic and anaerobic conditi-
ons, recombinant strain of Saccharomyces cerevisiae with disrup-
tion in pyruvate decarboxylase coding gene PDC1. The yeast was
also transformed with plasmid carrying LDH-A structure gene co-
ding lactate dehydrogenase. At pH of media 4.5 has been detected
the ethanol content 20.15 g.I'", when pH of media was 3.5 only
19.01 g.I'" of ethanol has been measured. Mutant with disrupted
PDC1 formed about third less ethanol as parental strain.

Researchers from Technical University in Berlin [3] overexprimed
gene GPD 1 coding gycerol-3-phosphate dehydrogenase in bre-
wing yeast Saccharomyces cerevisiae var. carlsbergensis to cut
down ethanol content in beer. Concentration of glycerol in experi-
ment simulating brewing in hop wort of 11.38 % increased 5.6 ti-
mes, ethanol content decreased for 18 % compared to original non-
recombinant strain from 37 down to 30.4 g.I"". Some default could
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etanolu kleslo o 18 % oproti pévodnému kmeriu z 37 na 30,4 g.I"".
Nedostatkom bol zavazny narast koncentracie acetoinu, diacetylu
a acetaldehydu. Arteficialne kmene Saccharomyces cerevisiae, kto-
rym chyba alkoholdehydrogenaza, uz boli izolované [4, 5], ale pivo-
varsky priemysel v Eurdépe je nervézny z genetického inzinierstva
a len mélo pivovarnikov je ochotnych ich pouZzit.

Jednou z vyhod kvasiniek je, Zze prezivaju aj s niektorymi mutaci-
ami, ktoré su pre vysSie eukaryotické organizmy letalne. Tieto mu-
tacie su bud indukované, alebo vyvolané prostredim, v ktorom su
kvasinky adaptované. Velky pocet publikovanych prac sa zaobera bi-
otechnologickym vyuzitim mutécii spdsobujucich defekty v aktivitach
enzymov citratového cyklu s ciefom zvysit produkciu, alebo cielene
regulovat tvorbu organickych kyselin v priebehu fermentacie, ¢o
umozfiuje modifikovat senzorické vlastnosti pozivatin pripravenych
ich pouZzitim. Tieto mutantné kmene boli v 90. rokoch popisané v réz-
nej literature [6, 7, 8]. Podstatou ich biotechnologického vyuZzitia je,
ze k znizenej produkcii alkoholu dochadza v dosledku poklesu pH
média pocas fermentacie spolu s tvorbou organickych kyselin. Ako-
néhle je Cerstvé médium prevzduSnené, nastava na zadiatku fer-
mentacie rapidna produkcia organickych kyselin. Ked sa aerébny
metabolizmus po vy€erpani kyslika zmeni na anaerdbny, nizke pH
vplyva na pokles aktivity enzymov alkohol dehydrogenazy a pyru-
vatdekarboxylazy, ktorych pH optimum je pri vys$Sich hodnotach.
Z toho vyplyva, Ze produkcia alkoholu je potlacena a dochadza da-
lej k redukcii pyruvatu na laktat enzymom laktatdehydrogenazou
v sulade s metabolizmom tychto mutantnych kmerov. Na zaklade
tychto poznatkov vyrobili nealkoholické pivo Navratil a kol. [9]. Po-
mocou herekombinantnych mutantov S. cerevisiae defektnych v ak-
tivite enzymov citratového cyklu, vsadzkovym aj kontinualnym
spdsobom, volnymi bunkami aj imobilizovanymi do pektatu dosiahli
v produktoch hladinu etanolu v rozmedzi 0,07-0,31 % hm. Kyselina
mlie¢na v ziskanych pivach naprodukovana v koncentraciach do
1,38 g.I" mala silny ochranny efekt proti mikrobialnej kontaminacii
koneéného produktu a sluzila zaroven ako senzoricky aktivna zlozka.
V tejto praci boli vSak pouzité mutanty liehovarskych a nie pivovar-
skych kvasiniek.

Uvedené prace hladaju alternativy k su¢asnym klasickym meté-
dam na vyrobu nealkoholického, resp. nizkoalkoholického piva.

2 MATERIAL A METODY

2.1 Mikroorganizmy

V préci boli pouzité mutantné kmene pivovarskych kvasiniek: Sac-
charomyces cerevisiae BZ 1/30 a BZ 1/60 (pbvodny kmeni: S. cerevi-
siae CCY 68-16), S. cerevisiae BZ 11/30 a BZ 11/60 (pévodny kmeri:
S. cerevisiae CCY 48-22), S. cerevisiae BZ 111/30 a BZ 111/60 (pévodny
kmen: S. cerevisiae CCY 48-48), S. cerevisiae BZ IV/30 a BZ 1V/60
(pbvodny kmen: S. cerevisiae CCY 48-61) a mutantné kmene RZ
1/30, RZ 1/60, RZ 11/30, RZ 11/60, RZ 111/30, RZ 111/60, RZ IV/30 a RZ
IV/60 vysSlachtené zo Styroch izolatov zo slovenskych pivovarov.

2.2 Mutécia a selekcia i

Rodi¢ovské kmene boli vystavené UV Ziareniu vinovej dizky 254
nm (1 W.m2) po dobu 30 sekund (.../30), resp. 30+60 sekund (.../60).
Tvorba organickych kyselin mutantmi bola zistovana na tuhej iden-
tifikaénej pdde s bromkrezolovou zelefiou a ziskané kmene boli pod-
robené selekcii na zaklade schopnosti skvasovat niektoré jednodu-
ché sacharidy.

2.3 Kultivaéné a fermentacné média

Tuhé identifikaéné médium malo zlozenie (v g.I'"): glukéza (100);
(NH,),S0, (0,2); (NH,),HPO, (0,03); KH,PO, (0,15); MgSO,.7H,O
(0,19); NaCl (0,1); CaCl, (0,1); bromkrezolova zelen (0,1); agar (5).
pH bolo upravené na hodnotu 7.

Médium pouzité na kvasné testy obsahovalo 20 g.I"! zdroja uhlika
(sachardza, glukoza, rafinéza, trehal6za, melibioza, galaktéza, mal-
téza a laktéza) a 10 g.I'" kvasniéného autolyzatu.

Kultivaéné médium bolo nasledujuceho zlozenia (v g.I'"): glukéza
(100); (NH4)2.SO, (5); kvasni¢ny autolyzat (3); KH,PO, (2);
MgSO0,.7H,0 (1); CaCl, a NaCl (0,1). Hodnota pH bola upravena na
5,8. Bunky boli kultivované 72 h pri 28 °C v 500 ml kultivaénych ban-
kach pri semi-aerébnych podmienkach na rota¢nej trepacke. Objem
média bol 100 ml.

Na fermentéaciu bola pouzitd 11% mladina z miestneho pivovaru.
Vsadzkova fermentéacia prebiehala v 600 ml infuznych flasiach, opat-
renych kvasnym uzaverom. Objem fermentaéného média bol 500

be seriously high concentration of acetoin, diacetyl and acetalde-
hyde. Artificial strains of Saccharomyces cerevisiae lacking alcohol
dehydrogenase were isolated [4, 5], but European brewing industry
is nervous of genetic engineering and only a few brewers are obli-
ging to use them.

One of the advantages of yeast is that they survive with some mu-
tations, which are lethal for eukaryotes. These mutations can be in-
duced in laboratory or spontaneously influenced by an environment
they are adapted in. Couple of published works concern of biotech-
nical applications of mutations causing defects in Citrate cycle en-
zyme activity to enhance production, or to regulate creation of or-
ganic acids during fermentation, what enables to modify sensoric
properties of fermented foods prepared by using such a microorga-
nisms. These mutant strains were described in 90-ties in different li-
terature [6, 7, 8]. Reason for their biotechnical application for non-
alcoholic beer production is the fact, that limited ethanol production
is caused by decreasing pH of medium during fermentation along
with organic acids creation. When fresh media is aerated at the be-
ginning, rapid production of organic acids takes place. When aero-
bic metabolism after all oxygen is spent switches to anaerobic, low
pH influences downswing of alcohol dehydrogenase and pyruvate
decarboxylase activity whose pH optimum lies in higher domains.
Ethanol production is consecutively pulled down and reduction of py-
ruvate to lactic acid by lactate dehydrogenase occurs responsively
to metabolism of these mutant strains. With this information produ-
ced Navrdatil et al. [9] non-alcoholic beer with non-recombinant mu-
tants of S. cerevisiae defective in Citrate cycle enzymes activity. In
batch and continuous fermentations with both, free cells and immo-
bilized to calcium pectate reached an ethanol content values bet-
ween 0.07-0.31 % w/w. in all products. Lactic acid in green beers
produced in concentrations up to 1.38 g.I'' had a strong protective
effect against microbial contamination of terminal product with some
important sensoric properties as well. Authors worked with distillery
yeast, not brewing.

All mentioned works searching alternatives to classical methods
for non-alcoholic or low-alcoholic beer production of nowadays.

2 METHODS AND MATERIALS

2.1 Microorganisms

Following cultures of brewing yeast were used: Saccharomyces
cerevisiae BZ 1/30 and BZ 1/60 (parental strain: S. cerevisiae CCY
68-16), S. cerevisiae BZ 11/30 and BZ 11/60 (parental strain: S. cere-
visiae CCY 48-22), S. cerevisiae BZ I11/30 and BZ 111/60 (parental
strain: S. cerevisiae CCY 48-48), S. cerevisiae BZ IV/30 and BZ 1V/60
(parental strain: S. cerevisiae CCY 48-61) and mutant strains RZ
1/30, RZ 1/60, RZ 11/30, RZ 11/60, RZ 111/30, RZ 111/60, RZ IV/30 and RZ
1V/60 selected from four isolates from Slovak breweries.

2.2 Mutation and selection

Parental strains were exposed to UV radiation of wave-length 254
nm (1 W.m2) during 30 seconds (.../30) and 30+60 seconds (.../60).
Organic acid production by mutant strains was detected on identifi-
cation medium containing bromcresol purple as an indicator and ob-
tained strains were selected on basis of some basic sugars fer-
mentation ability.

2.3 Cultivation and fermentation media

Composition of solid identification medium was following (g.I"):
glucose (100); (NH,).SO, (0.2); (NH,),HPO, (0.03); KH,PO, (0.15);
MgS0,.7H,0 (0.19); NaCl (0.1); CaCl, (0.1); bromcresol purple (0.1);
agar 5. pH was adjusted to 7.

Medium for fermentation tests contained 20 g.I"! of carbonic source
(sucrose, glucose, rafinose, trehalose, melibiose, galactose, maltose
and lactose) and 10 g.I"" of yeast extract.

Cultivation medium of following constitution was used (g.I'"): glu-
cose (100); (NH,).SO, (5); yeast extract (3); KH,PO, (2);
MgSO0,.7H,0 (1); CaCl, and NaCl (0.1). pH was adjusted to 5.8. Cells
were cultivated in cultivation flasks of 500 ml in volume during 72
h with temperature 28 °C under semi-aerobic conditions on rotary
shaker. Volume of cultivation medium in each flask was 100 ml.

As a medium for fermentation was used 11% wort from local bre-
wery. The batch fermentation process was carried out in 600 ml bott-
les with fermentation seal, containing 500 ml of wort. Temperature
was 6 °C. Initial concentration of free yeast cells was 3 g.I'" of dry
weight.
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ml, teplota fermentéacie 6 °C. Pociato¢na koncentracia volnych bu-
niek v médiu bola 3 g.I"" suchej hmotnosti.

2.4 Analytické stanovenia

Etanol plynovou chromatografiou (naplfiova koléna — PORAPAK
Q, FID detektor), celkové polyfenoly a farba podia EBC, celkovy du-
sik podla Kjeldahla, aminokyseliny plynovou chromatografiou (néapl-
nova koléna, faza SE 30), organické kyseliny plynovou chromato-
grafiou (naplfiova koléna s naplniou CHROMOSORB G, AW-DMCS
a stacionarnou fazou 8% FFAP). Postupy boli realizované podla Ba-
safovej a kol. [10].

3 VYSLEDKY A DISKUSIA

3.1 Selekcia mutantov

Tvorba organickych kyselin bola sledovana po dvoch a siedmych
dnoch po naoc¢kovani. Kmene RZ 1/30 a RZ 1/60 nemali schopnost
tvorit organické kyseliny vobec, ani po opatovnom naocékovani. Pri
kmernioch BZ 11/30, BZ 11/60 a DZ 1/60 bol zaznamenany slaby na-
znak okyslenia indikaéného média az po siedmych dfioch po nao¢-
kovani, preto uvedenych pat kmenov nemalo pre dalSiu pracu vy-
znam.

Bola sledovana aj schopnost skvasovat vybrané sacharidy mu-
tantnymi kmenmi kvasiniek. Experiment trval Sest dni pri laboratér-
nej teplote. Kmeri DZ 1/30 neskvasoval Ziaden zo sacharidov a tiez
bol z dalSich experimentov vyluéeny. Vysledky z priebehu tychto tes-
tov su zhrnuté v tab. 1.

3.2 Fermentacia

Fermentdcie s pripravenymi mutantnymi kmenmi prebiehali vsadz-
kovo pri teplote 6 °C v 600 ml infuznych flaSiach opatrenych kvas-
nym uzaverom. Mnozstvo 11% mladiny bolo 500 ml, zakvasna davka
5 ml inokula. Analyzy boli uskuto¢nené po 13 dfioch. Parametre mla-
dych piv su uvedené v fab. 2. VSetky piva boli nizkoalkoholické, ob-
sah etanolu sa pohyboval v rozmedzi 0,54-0,64 % objemovych. Farba
dosahovala hodnoty malo nad 10 jednotiek EBC, celkové polyfenoly
variovali v rozmedzi 196-270 mg.I"". Pivo vykvasené kmernom BZ 1/30
zaznamenalo oproti ostatnym znacné mnozstvo celkového dusika,

2.4 Analytical methods

Ethanol was determined by GC (PORAPAK Q-filled column and
FID), total polyphenols and colour were measured according to cur-
rent EBC recommended methods, total nitrogen according to Kjel-
dahl, amino acids by GC (SE 30 phase-filled column), organic acids
by GC (CHROMOSORB G, AW-DMCS, filled column with stationary
phase of 8 % FFAP). Methods available also in Basarfova et al. [10].

3 RESULTS AND DISCUSSION

3.1 Mutants selection

Organic acids production was detected after two and seven days
since the indication media were inoculated. Strains RZ 1/30 and RZ
I/60 did’n produce organic acids, not even after re-inoculation. In
case of strains BZ 11/30, BZ 11/60 a DZ 1/60 was determined mode-
rate acidity of indication medium after seven days and those five
mentioned strains had no importance for further experiments.

Also the fermentation of some basic saccharides present in wort
by mutant strains was investigated. Experiment lasted six days un-
der laboratory conditions. Strain DZ I/30 fermented none of the sac-
charides and it was cast out following experiments too. Results are
shown in Tab. 1.

3.2 Fermentation

Batch fermentations with prepared mutant strains were carried out
in 600 ml bottles with fermentation seals, temperature was 6 °C,
amount of 11 % wort 500 ml, inoculated with 5 ml of cells suspen-
sion. Beers were analyzed after 13 days. Parameters of green be-
ers are presented in Tab. 2. All of them were low-alcoholic, ethanol
content varied between 0.54 and 0.64 % v/v. Colour reached values
a little over 10 EBC units and total polyphenols ranged between 196-
270 mg.I'". Compared to others, beer fermented with strain BZ 1/30
contained considerably more total nitrogen, 1495.2 mg.I"". In other
samples were its amounts from three to seven times lower. As we
expected, pH values were also lower compared with classical be-
ers, in interval from 4.2 to 4.5. pH value of 4.7 showed beer prepa-
red using strain BZ 1/60.

Low pH relates with low alcohol content. Mutant strains produce

Tab. 1 Vysledky kvasnych testov po Siestich drfioch v identifikacnom médiu. Dany mikroorganizmus skvasuje dany sacharid (@), dany mik-
roorganizmus neskvasuje dany sacharid (O) / Results of fermentation tests after six days in identification medium. Given microorganism fer-

ment given saccharide (@), given microorganism does not (O)

Kmen / sacharéza / glukéza / rafindza / trehal6za / melibiéza / | galaktéza / maltéza / laktéza /
Strain sucrose glucose rafinose trehalose melibiose galactose maltose lactose
BZ 1/30 [ ] [ [ (@) @) [ [ ©)
BZ 1/60 [ ] [ ] [ (@) @) [ ] [ ©)
BZ 11I/30 [ ] [ ] [ ] O ([ @) () (@)
BZ 111/60 [ ] [ ] o O ([ [ () (@)
BZ 1V/30 [ ] [ [ ) (@) [ ] [ [ ) (@)
BZ 1V/60 [ [ [ ) (@) [ ] [ ] [ (@)
RZ 11/30 [ ] [ ] [ (@) [ ] [ [ ] ©)
RZ 11/60 [ ] [ ] [ (@) [ ] [ ] [ ] ©)
DZ 1/30 ©) @) O O O @) @) (@)
DZ 11/30 [ ] [ ] o O ([ [ () (@)
DZ 11/60 [ ] [ ] [ @) [ ] [ ] [ (@)

Tab. 2 Zakladné parametre nizkoalkoholického piva vyrobeného vsadkovou fermentécioui mladiny pri teplote 6 °C mutantnymi kvasinkami
Saccharomyces cerevisiae | Basic parameters of low-alcoholic beer produced during batch fermentation of wort with temperature 6 °C by

mutant yeast Saccharomyces cerevisiae

Parameter BZ 1/30 | BZ 1/60 | BZ 11l/30 | BZ 11l/60 | BZ IV/30| BZ IV/60| RZ 11/30 | RZ 11/60 | DZ 1I/30 | DZ 11/60
Etanol, % obj. /

Bl i 0,55 0,54 0,58 0,64 0,59 0,60 0,62 0,60 0,61 0,64
Farba, j. EBC /

Colour. EBCu 10,6 10,7 10,2 10,3 10,3 10,4 9,9 10,1 10,1 9,4
pH 44 47 43 45 43 4.4 44 43 43 42
Celkovy dusik, mg.I"" /

Total nitrogen, mg.+' 1495 498 697 498 199 249 299 598 598 498
Celk. polyfenoly, mg.I"" /

Total polyphenols, mg.}" 213 180 230 201 196 197 269 270 251 258
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Tab. 3 Aminokyseliny v nizkoalkoholickom pive vyrobenom vsadkovou fermentaciou mladiny pri teplote 6 °C mutantnymi kvasinkami Sac-
charomyces cerevisiae | Amino acids of low-alcoholic beer produced during batch fermentation of wort with temperature 6 °C by mutant ye-

ast Saccharomyces cerevisiae

Obsah aminokyselin / BZ 1/30 | BZ I/60 | BZ /30 | BZ /60 | BZ IV/30| BZ IV/60| RZ II/30 | RZ I/60 | DZ 11/30 | DZ 11/60
Amino acids content (mg.l")

Serin / Serine 16 15 14 19 15 14 17 15 16 19
Threonin / Threonine 44 39 41 45 48 46 42 49 47 48
Asparagin / Asparagine 29 26 25 19 31 25 29 24 31 26
Arginin / Arginine 15 16 19 18 14 19 16 14 19 16
Izoleucin / Isoleucine 19 12 16 14 18 17 16 21 18 19
Leucin / Leucine 14 13 15 14 16 12 12 15 15 14
Lyzin / Lysine 11 9 8 11 12 19 13 15 11 13
Metionin / Methionine 20 19 20 21 19 18 21 15 21 19
Valin / Valine 18 15 14 16 19 15 14 19 19 15
Glycin / Glycine 15 12 13 12 14 15 13 14 12 11
Alanin / Alanine 19 20 20 21 20 21 23 24 22 23
Fenylalanin / Phenylalanine 26 29 28 24 22 24 28 26 24 22
Tyrozin / Thyrosine 14 12 13 14 15 12 16 14 13 15
Tryptofan / Tryptophane 19 18 19 14 15 16 19 17 18 19
Histidin / Histidine 21 26 23 25 24 26 29 24 26 22

az 1495,2 mg.I"", kym v ostatnych bol jeho obsah tri az sedemkrat
mensi. Podla oakavania bolo vo vyrobenych pivach nizsie pH vzhla-
dom na tvorbu organickych kyselin mutantmi, a to v rozmedzi 4,2—4,5.
Vynimkou bolo pivo pripravené kmerfiom BZ 1/60 s pH 4,7.

Nizke pH suvisi s nizkym obsahom alkoholu. Mutantné kvasinky
produkuju do mladiny organické kyseliny, ¢im dochadza znizenim pH
k inaktivacii enzymov zodpovednych za tvorbu etanolu, teda alko-
holdehydrogenéazy a pyruvatdekarboxylazy, ktorych pH optimum je
vyS8Sie. Mutanty vykazovali pomerne dlhd aerébnu fazu, po€as kto-
rej prebiehala tvorba biomasy, tvorba oxidu uhli¢itého bola vyrazne
redukovana, a tak je dosycovanie hotovych piv nevyhnutné. UV mu-
tagenéza je neSpecificka, a preto po¢as nej méze dojst k poruseniu
niektorych regulaénych mechanizmov zodpovednych za utilizaciu
pre kvasinky prirodzenych zdrojov uhlika. Metabolizmus tychto kme-
flov teda nie je podrobne objasneny a musi byt predmetom dalSieho
vyskumu. Tak isto vysoka hodnota celkového dusika v pive pripra-
venom mutantnym kmeriom BZ 1/30 méze mat svoje genetické po-
zadie. V kvasinke mohlo ddjst k poskodeniu génov regulujicich au-
tolyzu, ktora prebehla a zapricinila zvySenie koncentracie dusikatych
latok. Iné vysvetlenie je, ze kvasinka dusikaté zdroje neutilizovala
vobec, to v8ak nezodpoveda koncentraciam zvyskovych aminoky-
selin (tab. 3), ktoré boli spotrebované vsetkymi kmefimi rovnomerne,
teda aj kmenom BZ 1/30. Zo spotreby aminokyselin je dalej zrejmé,
Ze ich utilizacia prebiehala rovnomerne, a ich profil je vo vSetkych
ziskanych nizkoalkoholickych pivach podobny. NajvysSie koncentra-
cie boli zaznamenané u aminokyseliny treoninu, a to do 50 mg.I",
¢o je dva az dva a pol krat viac ako u ostatnych aminokyselin. O ni-
eco vysSie je aj mnozstvo asparaginu, ktoré sa pohybovalo v roz-
medzi od 19 do 31 mg.I"". M6Zzeme teda konstatovat, Ze tieto dve
aminokyseliny boli utilizované najmenej. Z uvedeného mozno pred-
pokladat tvorbu vysSich al-
koholov, zodpovednych za
znizovanie hustoty ta-
kychto piv.

Na konci fermentacie
bol sledovany obsah ky-
seliny mlie€nej, citronovej,

Tab. 4 Obsah organickych kyselin v nizkoalkoholickom pive vyrobenom vsadkovou
fermentacioui mladiny pri teplote 6 °C mutantnymi kvasinkami Saccharomyces ce-
revisiae | Content of organic acids in low-alcoholic beer produced during batch fer-
mentation of wort with temperature 6 °C by mutant yeast Saccharomyces cerevisiae

lactic and some other acids into the wort and along with fall of pH
values alcohol dehydrogenase and pyruvate decarboxylase activity
decrease, because of its higher pH optima. For mutants was cha-
racteristc longer respiratory phase along with the biomass forma-
tion. Production of carbon dioxide was markantly reduced, there-
fore is an additional saturation necessary. UV mutagenesis is not
specific and some regulation mechanisms responsible for natural
uptake of carbonic sources by yeast can be disrupted. Metabolism
of these strains is still not well known and there there is a need of
future research. Also high level of total nitrogen in beer fermented
with mutant strain BZ 1/30 has its genetic background and genes
regulating autolysis could have been damaged during mutation and
so autolysis might cause increase of total nitrogen concentration.
Different explanation is that nitrogen sources was not utilized by this
mutant yeast at all, but such an argument does not reflect final con-
centrations of amino acids (7ab. 3), which were utilized by all the
strains equally as well as BZ 1/30. From amino acids consumption
is clear that they were utilized equally and their profile is in all beer
samples similar. Highest concentrations were recorded for threonin,
up to 50 mg.I"", what was two times more compared to other amino
acids. Moderately higher is also concentration of asparagines, from
19 to 31 mg.I"". These two amino acids were less utilized. From pre-
sented facts the higher alcohols formation reducing beeer density
can be predicted.

At the end of fermentation the amount of lactic, citric, asparagic
and malic acids were detected (Tab. 4). Highest concentration of lac-
tic acid in beers responds to purpose that this acid is formed from
pyruvate under anaerobic conditions. Its concentrations varied from
541 to 698 mg.I"". Other acids were present in much lower concent-
ration descending from malic and asparagic acid down to citric acid.

Lactic acid is frequently
used in brewing for acidi-
fication of wort, pH decre-
ase to value of 2.8-3.2, to
reduce a risk of microbial
contamination. Lactic acid
is fermentative produced

asparagovej a jablénej Koncentracia organickych kyselin / by Lactobacillus sp. (LAB)
(tab. 4). Najviac bola v pi- | o) ap i Organic acids concentration (mg.I") but it is difficult to optima-
vach zastiupena kyselina Citrénova / Mlie€na / Asparagova / Jabléna / lize their propagation not
mlieéna, ¢o zodpoveda Citric acid Lactic acid | Asparagic acid Malic acid to mention the time nee-
predpokladu o jej tvorbe | BZ 1/30 42 605 96 99 ded for this pre-acidifica-
z pyruvatu v anaerébnych | BZ 1/60 56 698 97 104 tion step [11]. Advantage
podmienkach. Jej kon- | BZ II/30 72 608 88 112 of mutant strains descri-
centracia sa pohybovala | BZ 111/60 81 541 96 108 ped, is their'direc.t produc-
od 541 do 698 mg.I". Os- 'BZ V/30 29 589 95 123 tion of lactic acid to the
tatneé kyseliny sa vyskyto- "Bz 1v/60 41 625 87 142 medlum during fermenta-
vali v ovela mensich kon- RZ 1130 32 598 89 154 tion.

centraciach v zostupnom RZ 11/60 a1 598 % 112 Organic acids represent
poradi od kyseliny jabl¢nej DZ 11/30 ) 622 94 142 also eminent aditives in
cez asparagovu az po ky- the food technology [12].
selinu citrénova. DZ 1i/60 45 618 89 123 They can effectively cover
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Kyselina mlie€na je v pivovarnictve bezne pouzivana na acidifika-
ciu mladiny, ¢im sa hodnota pH zniZzi na uroven 2,8-3,2 a znizuje sa
riziko kontamindacie. Kyselina mlie¢na je produkovana fermentaéne
mlie¢nymi baktériami (LAB). Je v8ak naro¢né optimalizovat aktivitu
ich rastu a ¢as potrebny na takuto preacidifikaciu je zna¢ny [11]. Vy-
hodou opisanych mutantnych kmefiov je ich priama produkcia ky-
seliny mlie€nej do média pocas fermentécie.

Organické kyseliny patria medzi vyznamné potravinarske aditiva
[12]. V suvislosti s nizkoalkoholickym pivom méZu vyrazne prekryt
prazdnu a mladinovu chut, ktora je tymto pivam znacne vycitana.
Z hladiska senzorického posudenia produktov je mozno u ziskanych
piv konstatovat jemnd ovocnu arému a slabu nakyslastu chut, pri-
pominajucu v podténoch biele vino. Z nedostatku oxidu uhli¢itého
vyplyva slaba penivost a absentujluca rezkost.

4 ZAVER

V praci sme sa zamerali na pripravu mutantnych kmenov pivo-
varskych kvasiniek Saccharomyces cerevisiae vhodnych na pripravu
nizkoalkoholického, pripadne nealkoholického piva. Predpoklad, ze
mutanty defektné v cykle trikarboxylovych kyselin produkuju zvy$ené
mnozstva tychto kyselin do mladiny a vytvaraju tak prostredie vhodné
pre blokovanie enzymov délezitych pre tvorbu alkoholu, sa ukazal
ako spravny. Na osem rodi¢ovskych kmerov kvasiniek sme posobili
fyzikalnym mutagénom UV Ziarenim po 30 a 30+60 sekund. Ziskané
mutanty boli podrobené testom na produkciu organickych kyselin
a skvasovanie niektorych jednoduchych sacharidov bezne pritom-
nych v mladine. Na zéklade vysledkov z nich sme vybrali desat mu-
tantnych kmeniov, s ktorymi sme uskuto€nili vsadzkové fermentacie
pri teplote 6 °C v objeme 500 ml 11% mladiny. Ziskali sme tak niz-
koalkoholické piva s obsahom etanolu 0,54-0,64 % objemovych.
Hodnoty farby aj celkovych polyfenolov boli porovnateiné s beznymi
alkoholickymi pivami. Nizke pH tychto piv (4,2—4,7) je zapri€inené
pritomnostou organickych kyselin, predovSetkym mlie¢nej. ZvySena
kyslost tu méze byt chapana ako nevyhoda. Treba vSak brat do Uvahy,
Ze nie vSetci spotrebitelia st ochotni prispdsobovat sa unifikovanému
vkusu presadzovanému pivovarnikmi predovsSetkym v naSich zeme-
pisnych oblastiach a z hladiska senzoriky méze pritomnost tychto
kyselin pomahat maskovat prazdnu mladinovu prichut, navyse pro-
tektivny ucinok laktatu z hladiska ochrany pred neziaducou mikro-
bidlnou kontaminéciou je nesporny. Mutantné pivovarské kvasinky
predstavuju zaroven legislativne schodnu perspektivu v priprave
$pecialnych fermentovanych napojov.
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