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VAZIME S| DOSTATECNE KVASINEK?

DO WE APPRECIATE YEAST ENOUGH?
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Skach, J. — Slaby, M.: Vazime si dostateéné kvasinek? Kvasny Prum. 55, 2009, €. 1, s. 2-8.

Vybér kmene kvasnic pro vyrobu piva je jednim z rozhoduijicich faktorG ovliviiujicich technologii vyroby a vysledny charakter hotového vy-
robku. Ve sbirkdch kmen0 pivovarskych kvasinek je uchovavano velké mnozstvi kmen(, ¢asto pochazejicich z dnes jiz neexistujicich pivo-
varu. | pres tuto Sirokou paletu je v soucasné praxi vyuzivano jen nékolik malo kvasnych kmend, coz mlze ve zna¢né mite pfispivat k po-
stupné unifikaci senzorickych vlastnosti piva. Vyzkumny Ustav pivovarsky a sladarsky realizoval linku na propagaci a pfipravu lisovanych
kvasnic, které maji velmi dobrou trvanlivost. Na zakladé hodnoceni pratokovou cytometrii je mozno na tyto kvasnice poskytovat zaruku az 3
tydny pfi teplotach skladovani blizkych 0 °C. To umozZfiuje jejich distribuci i na velmi dlouhé vzdalenosti. Vhodny kmen kvasnic pro konkrétni
podminky pivovaru je mozno vybrat ze sbirky uchovavané ve VUPS, obsahujici 130 kmen( s riznymi technologickymi vlastnostmi.

Skach, J. — Slaby, M.: Do we appreciate yeast enough? Kvasny Prum. 55, No. 1, p. 2-8.

The selection of a yeast strain for beer production is one of the key factors influencing the production technology and the final character
of the finished product. In the libraries of brewing yeasts, a great number of yeast strains is kept, frequently originating from breweries no
more existing. Despite this number of the strains, only a small number of yeast strains is used in practice, which can contribute to a large ex-
tent to a gradual unification of sensory properties of beer. The Research Institute of Brewing and Malting built a line for propagation and pre-
paration of compressed yeast having a very good stability. Based on the evaluation by means of flow cytometry, a shelf-life time of up to 3
weeks can be granted for the yeast at storage temperatures around 0 °C. This allows their distribution even for very long distances. A sui-
table yeast strain can be selected from the collection hold by the Research Institute of Brewing and Malting, which contains 130 strains with
various technological properties.

Skach, J. — Slaby, M.: Halten wir die Hefe geniigend wert? Kvasny Prum. 55, 2009, Nr. 1, S. 2-8.

Die Hefestammauswahl fiir die Bierproduktion stellt einen der entscheidenden Faktoren dar, die die Herstellungstechnologie und den Cha-
rakter des Endproduktes beeinflussen. In den Bierhefestammsammlungen wird eine Menge von Bierhefestdmmen aus den heute nicht mehr
existierenden Brauereien aufbewahren. Trotz der breiten Auswahl werden in der zeitgendssischen Praxis nur einige Hefestdmme angewandt,
was in betrdchtlichem MaBe zur einen schrittweisen Unifikation von sensorischen Eigenschaften des Bieres fiihren kann. Das Forschung-
sinstitut fir Brauereien und Mélzereien [VUPS] hat eine Linie zur Propagation und Herstellung von gepressten Hefe mit einer langen Le-
bensdauer realisiert. Auf Grund einer Auswertung durch die Durchflusszytometrie ist es mdglich, wéhrend der Aufbewahrung bei der Tem-
peratur von etwa 0 °C eine Lebensdauerfrist von 3 Wochen zu leisten, was eine Distribution zu den sehr weit entfernten Brauereien erméglicht.
Aus der Hefesammlung des VUPS, die 130 Stdmme mit verschiedenen technologischen Eigenschaften enthalt, ist es mdglich, einen geeig-
neten Bierhefestamm auszuwahlen.

LWkax, M. — Cna6bl, M.: YBaxkaem fpoxoku goctatouHo? Kvasny Prum. 55, 2009, Ho. 1, cTp. 2-8.

Bbibop wtamma gpoxoken AN Nnpon3BOACTBA HELUCKOro NuBa ABNAETCA O4HUM M3 peluarowmx hakTopoB BANSIOWMX HA TEXHOMOMMIO
NpoV3BOACTBA M XapaKTep KOHEYHOro NpoaykTa. B Konnekuysax WraMMoB MMBOBAPEHHBIX APOXOKEN COXpaHseTcst 60NblIOe KONMMYEeCTBO
LITAMMOB, KOTOPbIE YaCTO NMPOUCXOAAT U3 CEroHS Y>Ke He CYLLECTBYIOLMX NMMB3aBOA0B. HECMOTPSA Ha STOT LUMPOKWIA CMEKTP B HACTOSLLEN
NpaKkTUKe MCMomnb3yeTCs TOMbKO HECKOMbKO LWTaMMOB, YTO MOXET B 3HAYUTESNIbHOW CTEeneHW COAeCcTBOBaTb MocrefoBaTeslbHOM
yHUPMKaLMM CEHCOPMYECKUX CBONCTB NuBa. Hay4Ho-nccnenoBaTenbCkuii MHCTUTYT anga nuesa un conoga (HUAMC) nposogun nuHuio ans
BOCNPOU3BOACTBA W NPUrOTOBSIEHNS NPECCOBaHHbIX APOXOKEN C OYEeHb XOpOLUEeN CTOMKOCTEW. Ha ocHoBaHMKM 06CYXAEHUA NMPOTOYHOMN
LMTOMETPUEN MOXHO rapaHTUpoBaTb CTOMKOCTb A0 3 HeAenb Npu TemnepaTtype xpaHeHus 6nm3 0 °C. 3To nNo3BonseT ux AUCTpubyuuio
Aaxe o4veHb ganeko. [oaxofawmn wramM ApoXOKern ANA KOHKPETHbIX YCMOBMI NB3aBoAa MOXXHO usbpatb u3 konnexkuywm HAWMC,
kKoTopas HacuuTbiBaeT 130 WTAMMOB C pasHbIMU TEXHOMOMMHYECKMMI CBONCTBaMMU.

Klicova slova: kmen kvasnic, lisované kvasnice, skladovani
kvasnic, senzoricky charakter, pivo

1 UvVoD

Informuje-li vyrobce piva zédkaznika o svém vyrobku, logicky se sou-
stfeduje na povinné Udaje na etiketé o pouzitych zékladnich surovi-
nach, zejména sladu, chmelu, aditivech atd. V reklamnich spotech
tyto informace vétsSinou doplriuje jesté obecnymi prohlasenimi o kva-
lité vody, kterd je v povédomi zakaznika dulezitym faktorem kvality
vyrobku. Zminka o pouzitém kmenu kvasinek se bud neobjevuje vu-
bec, nebo jen vyjimecné. Zakon Udaje nevyzaduje, specifikace kmene
mUze byt sloZitd a povédomi zadkaznika o vyznamu kmene kvasnic
pro senzorické vlastnosti piva je minimalni. V pfevazné prvoplanové
zameéfené marketingové strategii tak vyuziti informaci o kvasinkéch
neni zajimavé.

2 ROZBOR PROBLEMATIKY

Moderni analytické metody umoznily identifikovat pfes 1000 latek
ovlivAujicich senzoricky profil piva. Slou€eniny s nejvétsim dopadem
na aroma a chut piva jsou produkovany kvasinkami pfi hlavnim kva-
Seni. Senzoricky aktivni substance produkované pfi hlavnim kvaseni
mohou byt rozdéleny do péti hlavnich skupin: latky obsahujici siru,
organické kyseliny, vy$si alkoholy, karbonylové latky a tékavé estery.
RGzné kmeny kvasinek pfi tom produkuji odliSna mnozstvi klicovych
chutovych latek v zavislosti na svém genetickém profilu [1].

Key words: yeast strain, compressed yeast, storage of yeast, sen-
sory character, beer

1 INTRODUCTION

When informing customers, beer producers logically concentrate
on the data that have to be stated on the label, such as basic raw
materials used, especially barley and hops, additives, etc. In com-
mercial spots, general declarations on water quality are added to this
information. In customer’s mind, water is an important factor of pro-
duct quality. The yeast strain used is not mentioned at all or very ra-
rely. By the law, this information is not required, yeast strain specifi-
cation can be difficult and the customer awareness of the significance
of the yeast strain for sensory properties of beer is marginal. Thus
the use of the information on yeast is not interesting in a predomi-
nantly purpose-oriented marketing strategy.

2 PROBLEM ANALYSIS

Modern analytical methods allowed identifying more than 1000
substances influencing the sensory profile of beer. Compounds with
greatest influence on beer aroma and taste are produced by yeast
during primary fermentation. Sensorially active substances produ-
ced during primary fermentation can be divided into five main groups:
sulphur-containing substances, organic acids, higher alcohols, car-
bonyl compounds and volatile esters. Various yeast strains produce
various amounts of key flavours depending on the genetic profile [1].
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Bezesporu jednim z hlavnich témat je produkce tékavych ester(i
kvasinkami. Tyto latky hraji kli¢ovou roli v senzorické kvalité piva [2,
3, 4,]. Kromé obecné znamych nejdulezitéjSich esterl jako ethylace-
tat, isoamylacetat a fenyl-ethylacetat se novéji vénuje pozornost
tvorbé ethylesterl sttednémolekularnich mastnych kyselin, tzv. MCFA
[Medium-Chain Fattty Acids] [5, 6, 7]. | v tomto pfipadé je nejdulezi-
t&jSim faktorem ovlivriujicim jak celkovy obsah esterd MCFA, tak vza-
jemny pomér jednotlivych zastupcli v této skupiné latek kmen kvas-
nic [8].

Pozornost je také vénovana vybéru kvasnicného kmene z hlediska
chutové stability piva [9, 10], Kvasni¢ny kmen muze napf. ovlivnit oxi-
dativni degradaci horkych latek pfi starnuti piva [9]. Vyznamnou Ulohu
hraje i metabolismus slou¢enin obsahujicich siru ve vztahu k oxi-
dacéné-redukénim vlastnostem piva atd. [10].

Vedle tvorby aromatickych latek maji vlastnosti kvasni¢éného kmene
vyznamnou roli i pro technologii vyroby piva. Z vyrobni praxe jsou
obecné znamé souvislosti s flokulaci, stupném a rychlosti prokvaseni
¢i citlivosti na zmény teploty.

V modernich podminkach vyroby piva vyuzivajicich HGB se dopo-
ruc¢uje vybér vhodného kmene kvasnic pro dosazeni Cisté chuti s pfi-
méfenym obsahem estert [11]. Vybér kmene je dulezity i pro volbu
zpusobu propagace kvasnic [12, 13]. Pfi kvaSeni v CKT se vyznamné
projevuje vysoka koncentrace rozpusténého oxidu uhli¢itého v kva-
sicim médiu, ktera vede predevsim k silné inhibici anabolickych po-
chodU v kvasinkach. Méné vyznamné jsou ovlivnény i katabolické po-
chody [14, 15]. Parcialni tlak CO, ovliviiuje v prvé fadé koncentraci
glykogenu ve sbiranych kvasnicich [16].V tomto pfipadé vztah k vlast-
nostem kvasni¢ného kmene ¢ekd na objasnéni, podobné jako rtizna
citlivost kmen( k Sirokému spektru stresovych faktord, jejichz vycet
je pfedmétem fady sdéleni, a které jsou rozhodujici pro fyziologicky
stav nasadnich kvasnic [14, 17].

Vybér vhodného kvasni¢ného kmene a péce o jeho dokonaly fyzi-
a chuti piva. To si velmi dobfe uvédomovali nasi pfedchlidci, ktefi
velmi peclivé volili kmen kvasnic pro vyrobu piva ve svém pivovaru.

Z té doby je v rlznych sbirkach uchovavan velky pocet kulturnich
kmen( pivovarskych kvasinek. Napf. ve sbirce kvasnic, vedené v TU
Mlnchen-Weihenstephan, je k dispozici t¢éméf 200 kmenl spodniho
kvaseni a 10 kmen0 pro svrchni kvadeni. Pres tuto Sirokou paletu
moznosti 80 % objednavek spodnich kvasnic predstavuje v soucas-
nosti kmen €. 34, a pro vyrobu svrchné kvaseného pseni¢ného piva
je prakticky vyluéné pouzivan kmen ¢. 68 [18]. Obdobné sbirka VLB
uchovava cca 100 kment [19] a sbirka Vyzkumného ustavu pivovar-
ského a sladarského 131 riznych kmenu. Také v Ceské republice je
pro vyrobu piva vyuzivan jen velmi omezeny pocet kvasni¢nych
kmenu. Kmen ¢&. 7 dle sbirky RIBM v Plzeriském Prazdroji [komeréné
nedostupny], kmen ¢. 2 v Budéjovickém Budvaru a dominantni je
v ¢eskych pivovarech kmen ¢. 95. Tato skute€¢nost mize byt jednim
z dlvodl postupné unifikace senzorického profilu piv na trhu. Ze-
jména malé pivovary bez vlastni propagaéni stanice jsou odkazany
na nakup kvasnic z vétsich pivovard bez moznosti volby kmene kvas-
nic podle svych pfedstav. Ztraceji tak rozhoduijici faktor pro volbu cha-
rakteru piva.

Proto Vyzkumny Ustav pivovarsky a sladarsky zpracoval projekt za-
méreny na realizaci linky na propagaci a lisovani kvasnic, ktera
umozni roz§ifit nabidku nasadnich kvasnic zejména mensim pivova-
rim diky dlouhé trvanlivosti a snadné transportovatelnosti lisovanych
nasadnich kvasnic. Souc¢asti projektu je testovani klasickych ¢eskych
kment kvasnic z hlediska moZznosti jejich uplatnéni v modernich tech-
nologickych podminkach. NaplIni tohoto sdéleni jsou nékteré vysledky
dosazené pri feSeni projektu.

3 POUZITE ANALYTICKE METODY

Zakladni analytické rozbory byly provadény podle Pivovarsko-sla-
dafské analytiky a Analytiky EBC [20, 21].

Tékavé latky byly stanovovény plynovou chromatografii [22] s mo-
difikacemi vypracovanymi ve VUPS pro vétsi efektivnost [dosud ne-
publikovano].

3.1 Stanoveni fyziologického stavu kvasnic pratokovou
cytometrii

Stanoveni glykogenu, DNA, granulometrie a velikosti bunék bylo
provadéno na cytometru PARTEC typ PAS IlIl, vyrobce Partec
G.m.b.H, SRN [23, 24].

Principem vyhodnoceni je bodovy, tzv. Dot plot diagram, ktery po-
pisuje zavislost dvou korelujicich veli¢in, napfiklad velikosti bunék
[podle FSC] na intenzité fluorescence nékteré obarvené bunécné

Indisputably, the production of volatile esters by yeast is one of the
topics. These substances play a key role in the sensory quality of beer
[2, 3, 4,]. Besides generally known most important esters, such as et-
hyl acetate, isoamyl acetate and phenylethyl acetate, research is focu-
sed on the production of ethyl esters of medium-chain fatty acids (MCFA)
[5, 6, 7]. Also in this case, the yeast strain is the most important factor
influencing both the overall content of MCFA esters and the relations-
hip of individual representatives in this group of substances [8].

Attention is also paid to the selection of a yeast strain from the
viewpoint of the sensory stability of beer [9, 10]. A selected yeast
strain can influence for example the oxidative degradation of bitter
substances during beer ageing [9]. An important role also plays the
metabolism of sulphur-containing substances in relation to oxidation-
reduction properties of beer, etc. [10].

In addition to the production of aromatic substances, the proper-
ties of the used yeast strain play an important role also for the tech-
nology of beer production. From production practice, connections with
flocculation, degree and speed of fermentation or sensitivity to tem-
perature changes are known.

Under modern conditions of beer production employing HGB, the
selection of a suitable yeast strain is recommended to reach a pure
taste of beer with an adequate ester content [11]. The strain selec-
tion is important also for the selection of yeast propagation [12, 13].
During fermentation in cylindro-conical fermenters, the high con-
centration of dissolved carbon dioxide in the fermenting medium ta-
kes effect, which leads primarily to a strong inhibition of anabolic pro-
cesses in the yeasts. Catabolic processes are also influenced, but
less significantly than the anabolic ones [14, 15]. The partial pres-
sure of carbon dioxide primarily influences the concentration of gly-
cogen in collected yeast [16]. In this case, the relation to the proper-
ties of the yeast strain needs to be clarified, similarly as the different
sensitivity of the strains to the spectrum of the stress factors, listing
of which is a subject of many communications, and which are deci-
sive for the physiological condition of pitching yeast [14, 17].

The selection of a suitable yeast strain and the care of its perfect
physiological condition is one of the most important factors for beer
character and taste control. Our predecessors were well aware of this
fact, who very carefully selected the yeast strain for beer production
in their breweries.

From that time, a great number of brewing yeast cultures has been
kept in various yeast libraries. For example, the yeast collection at TU
Minchen-Weihenstephan, nearly 200 strains for bottom fermentation
and 10 strains for top fermentation are available. Despite the wide
range of strains, 80 % of all orders for bottom fermentation strains
are for strain No. 34 and for the production of top-fermented wheat
beer strain No. 68 is used nearly exclusively [18]. Similarly, the VLB
collection involves more than 100 strains [19] and the collection of
the Research Institute of Brewing and Malting keeps 131 different
strains. Also in the Czech Republic, only a limited number of yeast
strains is used for beer production. Strain No. 7 according to the RIBM
collection at Pilsner Urquell [commercially not available], strain No. 2
at Budweiser Budvar, and strain No. 95 dominating in Czech brewe-
ries. This fact can be one of the reasons of a gradual unification of
beer profile on the market. Especially small breweries without their
own yeast propagator are dependent on the purchase of yeast from
bigger breweries without any possibility of yeast strain selection
according to their expectations. In this way, they lose the decisive fac-
tor for the selection of beer character.

Therefore, the Research Institute of Brewing and Malting made a
project aimed at the realization of a line for yeast propagation and
compression, which would allow to expand the offer of pitching ye-
asts especially for smaller breweries thanks to long shelf life and easy
transportability of compressed pitching yeasts. Part of the project is
the testing of typical Czech yeast strains from the viewpoint of their
application under modern technological conditions. Some results
achieved with the project are the content of this communication.

3 ANALYTICAL METHODS USED

Basic analyses were carried out according to Brewing and malting
analytics and EBC analytics [20, 21].

Volatile substances were determined by gas chromatography [22]
with modifications developed by the Research Institute of Brewing
and Malting for higher efficiency [not published yet].

3.1 Determination of physiological condition of yeast by means
of flow cytometry
Determination of glycogen, DNA, granulometry and cell size was
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komponenty. Tento typ vyhodnocovani umozriuje sledovat segmen-
taci populace dle stejnych vlastnosti.

Hodnoceny jsou tyto parametry:
relativni distribuce velikosti ¢astic ve formé histogramu FSC
relativni distribuce granularity ¢astic ve formé histogramu SSC
relativni distribuce fluorescence riznych vinovych délek FL 1, ... FLn.

3.2 Laboratorni testovani kvasniénych kment

Priprava kvasni¢éného kmene: kmeny kvasnic uchovavané ve sbirce
VUPS na $ikmych agarech byly propagovany v laboratofi béznym
zplsobem. Pro zakva$eni bylo pouzito 3,0-3,1 g/l kvasnic, odstre-
dénych 10 minut pfi frekvenci ota¢ek 3 500 min-'.

Mladina: 12% svétla mladina pro testovani byla odebirana z polo-
provozni varny do sterilni nadoby za horka. Po zchlazeni a sedimen-
taci kalll po dobu 12 hodin byla provzdu$néna na koncentraci kys-
liku 8 mg/l a zakvaSena pfislusnym kmenem. U mladiny byla
stanovena koncentrace extraktu, barva, pH, alfa-aminodusik, obsah
kald, dosazitelné prokvaseni a provedena mikrobiologicka kontrola.

Kvasné zkousky byly provadény v kvasnych vélcich o objemu 1 |,
vybavenych kalibrovanym prostorem pro méfeni sedimentu. Po za-
kvaSeni byly kvasné valce umistény do chladnicky s teplotou prostfedi
9+0,5°C.V pribéhu kvaseni byla 1x denné sledovana teplota, zdan-
livy extrakt, poCet bunék ve vznosu, pH a objem sedimentovanych
kvasnic. Kvaseni bylo ukonéeno, kdyz ubytek zdanlivého extraktu za
24 hodin poklesl pod 0,3 %. Vzorky byly odebirany sterilni pipetou 10
cm pod hladinou v objemu 50 ml. Extrakt byl stanovovan na zafizeni
PAAR.

Pro potvrzeni vysledkd byly pokusy opakovany.

3.3 Provozni kvaseni

Pro jednorazové orientaéni porovnani kvasniénych kmen( v pro-
voznich podminkach byly pfipraveny 2 po sobé jdouci varky z jedné
Sarze sladu. Objem kvasnych kadi byl 230 hl. Mladina byla zakva-
Sena 0,5 | husté suspenze kvasnic na 1 hl. Zakvasna teplota byla 10
°C, maximalni 11,5 °C, délka kvaseni 9 dnl. Sudovani mladého piva
probihalo pfi 4 °C. Zrani piva trvalo 70 dnl pfi teploté 2 °C. Hotové
pivo nebylo kromé kfemelinové filtrace nijak upravovano.

4 VYSLEDKY A DISKUSE

Vyznamnym problémem menSich pivovard, potykajicich se s ne-
rovnomérnym harmonogramem varek, je doba skladovani kvasnic.
Ta je s ohledem na provzdu$néni pfi sbéru a prani kvasnic, nedo-
statku Zivin v suspenzi kvasnic nékdy i pfi vySSich teplotach velmi
omezena. | za optiméalnich podminek sbéru a uchovavani kvasnic se
za pfijatelnou dobu pro zachovani dobrého fyziologického stavu po-
vazuje 24 hodin, s urcitymi vyhradami 48 hodin. Pro delSi periody vy-
volané prerusenim navarovani mize byt feSenim vyuziti lisovanych
kvasnic z nové realizované linky na propagaci a lisovani kvasnic, kte-
rou VUPS instaloval ve spolupréci s Zateckym pivovarem, s. r. 0. Pro-
duktem této linky jsou rtizné kmeny lisovanych kvasnic s obsahem
su8iny 28 %. Pro hodnoceni skladovatelnosti kvasnic jsou rozhodu-
jici zmény fyziologického stavu béhem uchovavani. Pro tento uUcel
byla pouzita pratokova cytometrie.V tomto sméru jsme vychazeli z po-
stupU vyuzitych pro hodnoceni fyziologického stavu kvasnic béhem

performed by means of a PARTEC cytometer, type PAS lll, manu-
factured by Partec G.m.b.H, Germany [23, 24].

The principle of evaluation is a dot plot diagram describing the de-
pendence of two correlating quantities, for example cell size [accor-
ding to FSC] on fluorescence intensity of a dyed cell component. This
type of evaluation allows monitoring of population segmentation
according to identical properties.

The following parameters are monitored:

Relative distribution of particle size in form of the FSC histogram
Relative distribution of particle granularity in form of SSC histogram
Relative distribution of fluorescence of various wavelengths FL 1, ... FLn

3.2 Laboratory testing of yeast strains

Yeast strain preparation: Yeast strains kept at the RIBM yeast col-
lection on slant agar were ordinarily propagated in the laboratory. Af-
ter pitching, 3.0 to 3.1 g/l of yeast were used, which were centrifu-
ged at 3,500 revolutions per a minute.

Hopped wort: 12% pale hopped wort for testing was hot-sampled
from the pilot brewhouse into a sterile container. After cooling and
sludge sedimentation (12 hours), the hopped wort was aerated to
achieve the oxygen concentration of 8 mg/l and pitched with the se-
lected yeast strain. The hopped wort was analysed for extract con-
centration, colour, pH, alpha-amino-nitrogen, sludge content, maxi-
mum degree of fermentation and microbiological control was
performed.

Fermentation trials were carried out in 1 litre fermentation cylinder
with calibrated space for sediment measurement. After pitching, the
fermentation cylinders were placed into a refrigerator with a tempe-
rature of 9 £0,5 °C. During fermentation, temperature, apparent ex-
tract, cell count in the float, pH and the volume of sedimented yeast
were monitored once a day. Fermentation was finished after the de-
crease in apparent extract was less than 0.3 % within 24 hours. Sam-
ples of 50 ml were taken by a sterile 10 cm pipette under the surface.
The extract was analysed on the PAAR apparatus.

The tests were repeated to confirm the results.

3.3 Full-scale fermentation

For one-time approximate comparison of yeast strains under plant
conditions, 2 consecutive brews form one barley batch were prepa-
red. The volume of the fermenting tub was 230 hl. The hopped wort
was pitched by 0.5 | of dense yeast suspension for 1 hl. The pitching
temperature was 10 °C; the maximum temperature was 11.5 °C, with
the time of fermentation of 9 days. The green beer was hosed at 4 °C.
Beer maturation took 70 days at 2 °C. With the exception of kiesel-
gubhr filtration, the finished beer was not treated in any other way.

4 RESULTS AND DISCUSSION

One of the significant problems of smaller breweries facing irregu-
lar brewing schedules is the storage time of yeast. This time is very
limited due to aeration during yeast collection and washing, lack of
nutrient in the yeast suspension, sometimes also at higher tempera-
tures. Also under optimum conditions of yeast collection and storage,
24 hours are considered as the acceptable time for the maintenance
of good physiological conditions, 48 hours are accepted with rese-
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Cerstvé / Fresh | 40h, 2 °C
Glykogen / Glycogen 95 11
DNA 55 32

Obr. 1/ Fig. 1 Zmény fyziologického stavu kvasnic pfi skladovani / Changes of physiological condition of yeast during storage
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Tab. 1 Spektrum vlastnosti kvasnych kmend uchovavanych ve sbirce
RIBM / Spectrum of properties of yeast strains kept at RIBM collection

Tab. 2 Vlastnosti vybranych kvasnych kmen0 ze sbirky RIBM /
Properties of selected yeast strains from the RIBM collection

pH Prokvaseni / Ty
Degree of | Sediment| SO, |Diacetyl| DMS Kmen Vyuzm Ryc!1 I°§t
. g amino-N/| . kvaseni /
attenuation Cislo /| Egos—E,q| MPB Amino-N Diacetyl A pH | Fermenta-
(%) (ml) [(mg/ml)| (ug/t) | (ugf) Strain| (%) | (milml)| e | (k9 tion speed
Maximum 5,56 86,6 15,3 10,1 867 198 No. (%) (%/h)
Minimum 4,08 3,9 1,0 34 12 11 3 0,54 140 59 102 1,34 | 0,0625
Kmen .95/ | 4,49 82,4 9,0 7,4 263 23 6 0,56 119 66 99 1,28 | 0,0710
Strain No. 95 8 0,83 130 54 450 1,24 | 0,0700
9 0,73 69 55 72 1,21 | 0,0679
Tab. 3 Parametry hotovych piv z provozniho testovani / Parameters of fi- 11 165 124 59 150 719 | 0.0590
nished beers from full scale testing . . .
— 12 1,58 71 58 174 1,19 | 0,0596
Kmen | Poives) 26 | 148 | 126 | 58 194 | 12 | 0,0652
cislo/ . Horkost / | Cirost / Alkohol / 32 0,38 84 54 120 1,18 | 0,0654
Strai Foaming| pH | . o | Ezq Pz |CO, | SO,
train power Bitterness| Clarity Alcohol 98 1,12 114 55 265 1,11 [ 0,0694
No. NIBEM E4s—E.q — rozdil dosazitelného a zdanlivého extraktu / Difference
: i o % obi o o between maximum and apparent extract
S L IEECR: L&), (0 I s MPB — maximalni pocet bunék v kvasici mladiné / Maximum
6 308 |452| 225 0,95 |31 425 (72,14]0,36 | 6,5 number of cells in fermenting hopped wort
95 267 |4,48| 23,95 0,51 (2,75 444 |7528|04 | 8 Rychlost kvaseni je vypoctena z ubytku extraktu mezi 48. a 96.
P hodinou kvaseni / The fermentation speed is calculated from the
E,q — extrakt zdanlivy / Apparent extract : ;
P, — prokvaseni zdanlivé / Apparent attenuation decrease in extract between 48th and 96th hour of fermentation

kvaseni mladin s rliznou koncentraci, kterou popisuje Chlup, H. P.
a kol. [25]. UZ8i spektrum nami vyuZitych parametr( vychazi z nasich
soucasnych moznosti.

Velikost bunék je znamy a dobfe pfedstavitelny parametr, granu-
larita odpovida jak rozptylu laserového paprsku zplisobenému povr-
chovymi vlastnostmi buriky, tak rozptylu paprsku zplisobenému od-
razem od vnitrobunéénych struktur. Pivovarské kvasinky podléhaji
béhem procesu kvaseni zménam velikosti, které jsou typické pro
kazdy kmen. Variabilita velikosti béhem kvaseni je u kvasinek spod-
niho kvaseni od 2,5 um do 22,0 um. Na poc¢atku kvaSeni je pozoro-
van pokles plochy aktivniho povrchu bunék, ktery souvisi s velkym
poctem pucicich kvasinek v tomto obdobi. Pro optimalni pribéh kul-
tivace je dulezita také velikost nové vzniklych dcefinych bunék. Ma-
tef'ské buriky s velkymi dcefinymi burikami, vznikajici v exponencialni
fazi rGstu populace, jsou zadouci, nebot velké buriky jsou schopné
zahajovat bunéény cyklus témér okamzité, a to nasledné zkracuje
dobu kultivace.

Z&kladnim parametrem, charakterizujicim vyzivu bunék, je obsah

rvations, too. For longer periods caused by the interruption of bre-
wing, the use of compressed yeast from the newly built line for yeast
propagation and compression, which was installed by the Research
Institute of Brewing and Malting in co-operation with the Zatec bre-
wery, Ltd. The products of this line are various strains of compressed
yeasts with a dry matter content of 28 %. The changes of the physi-
ological condition of the yeast during storage are decisive for the eva-
luation of the storage stability. Flow cytometry was used for the pur-
pose of evaluation. Here, we proceed from the methods used for the
evaluation of the physiological condition of yeast during the fermen-
tation of hopped worts with different concentrations, as it is descri-
bed by Chlup, H. P. et al. [25]. A narrow spectrum of parameters we
used is based on our possibilities at this time.

The size of cells is a known and well imaginable parameter; gra-
nularity corresponds with both the scattering of the laser beam cau-
sed by the surface properties of the cell and the scattering of the
beam caused by the reflection from intracellular structures. During
the fermentation process, brewing yeast changes its size, which is

pomér A/E / A/E ratio
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Obr. 2/ Fig. 2 Obsah alkoholl a ester(i v provozné pfipravenych pivech s kmeny ¢&. 6 a 95 / Content of alcohols and esters in full-scale bre-

wed beers with strains No. 6 and 95
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glykogenu. Je to zasobni polysacharid kvasinek a slouzi burice jako
zdroj energie i uhliku pro syntézu metabolickych intermediatd. Jeho
obsah pfesahuje 40 % suSiny buriky. Obsah glykogenu v kvasinkéch
je ovliviiovan podminkami pfi fermentaci, skladovani kvasnic a také
zavisi na vlastnim kmenu kvasinek. V priibéhu skladovani mezi jed-
notlivymi nasazenimi kvasinek se spotfebovava az 40 % tohoto za-
sobniho sacharidu.

Mnozstvi obsazeného glykogenu v kvasinkach pfi nasazeni ovliv-
fuje rychlost rlistu kvasinek po nasazeni a celkovy vykon kvaseni.
Obsah glykogenu v kvasinkach rychle klesa po nasazeni do mladiny
s kyslikem (az na 10 % susiny buriky), kdeZto Ubytek sacharidd ob-
sazenych v mladiné je zanedbatelny. Glykogen tedy slouzi jako zdroj
energie pro syntézu sterolll a nenasycenych mastnych kyselin [12].

Obsah glykogenu pfi nasazeni ukazuje potencidl kvasinek synte-
tizovat tyto nezbytné slouceniny plazmatické membrany, které jsou
nepostradatelné pfi spravném déleni a rlistu kvasinek.

Metody prutokové cytometrie pro stanoveni jednotlivych fazi bu-
nécného cyklu vychazeji z poznatku, ze DNA v burikach Ize po en-
zymatickém odstranéni RNA barvit kvantitativné fluorescenénimi
barvivy. Intenzita fluorescence poté odpovida obsahu DNA
v burice. Pro stanoveni koncentrace DNA se nej€astéji pouzivaji
fluorescenéni znacky. Za predpokladu, ze mezi intenzitou emito-
vané fluorescence a obsahem DNA v burikach plati pfima umeéra,
se bunky s dvojnasobnou intenzitou emitované fluorescence vy-
hodnocuiji jako buriky v G2 a M-fazi bunééného cyklu. Bylo napfi-
klad zjisténo, ze pfi nasazovani pivovarskych kvasnic k hlavnimu
kvaseni je vyhodné zakvaSovat kulturou, ve které je podil bunék
v G2 a M-fazi maximalni. Po nasazeni takovych kvasnic do pro-
vzdus$néné mladiny se buriky rychle rozmnozi a pfejdou do pro-
dukéni faze (G1-faze), kdy ma populace nizkou aktivitu mnozeni,
ale vysokou metabolickou aktivitu projevujici se rychlym ubytkem
extraktu a tvorbou ethanolu. Vysledny efekt se projevi kratSi dobou
kvadeni.

Ziskané vysledky ilustruje obr.1. Je zfejmé, ze vysledky zejména
u glykogenu a DNA zjisténé u lisovanych kvasnic po 3 az 4 tydnech
odpovidaji hodnotdm zaznamenanym v suspenzi kvasnic po 40 ho-
dinach. Velikost bunék a jejich granularita se u lisovanych kvasnic
prakticky neméni, coz znamena, ze je v tomto pfipadé zachovavan
pocatecni stav v dobé sbéru a zpracovani kvasnic. Naproti tomu v sus-
penzi se projevuje v obou pfipadech vyrazny pokles: u velikosti bu-
nék o 24 % a u granularity o 36 %. Z toho Ize usuzovat, ze metabo-
lické pochody v burikach dale pokracuji bez pfistupu k zivinam. Tyto
vysledky i zkuSenosti s praktickym pouzivanim lisovanych kvasnic
nas opravnuji k poskytovani zaruky kvality tfi tydny pro skladovani pfi

specific for each strain. The variability of size during fermentation em-
ploying bottom fermentation yeasts ranges from 2.5 um to 22.0 um.
At the beginning of fermentation, decrease in the area of the active
cell surface can be observed, which can be related to a high number
of budding yeast cells at this stage. The size of newly created daugh-
ter cells is important also for the optimum course of cultivation. Mot-
her cells with big daughter cells created at the exponential stage of
population growth are desirable, since the big cells are capable of
starting the cell cycle almost immediately, which makes the cultiva-
tion time shorter.

The basic parameter characterising cell nutrition is the content of
glycogen. This is a reserve polysaccharide of yeasts and is used as
a source of energy and carbon for the synthesis of metabolic inter-
mediates. Its content exceeds 40 % of the cell dry matter. The gly-
cogen content in yeast is influenced by the conditions during fer-
mentation, storage and also depends on the yeast strain itself. During
storage between individual pitching cycles, up to 40 % of the reserve
polysaccharide are used up.

The amount of glycogen contained in the yeasts at the pitching
stage influences the speed of their growth after pitching and the ove-
rall performance of fermentation. The glycogen content decreases ra-
pidly after pitching into the hopped wort with oxygen (up to 10 % of
cell dry matter), while the decrease of saccharides in the hopped wort
is insignificant. Thus glycogen serves as a source of energy for the
synthesis of sterols and unsaturated fatty acids [12].

The glycogen content at pitching shows the yeast potential to synt-
hesise these indispensable compounds of the plasma membrane,
which are necessary for the correct division and growth of yeast cells.

The methods of flow cytometry for the determination of the indivi-
dual phases of the cell cycle are based on the findings that the DNA
present in the cells can be dyed quantitatively by fluorescent dyes af-
ter enzymatic removal of RNA. The intensity of fluorescence equals
to the content of DNA in the cell. Fluorescent markers are most fre-
quently used for the determination of DNA concentration. Provided
that there is a direct proportion between the intensity of emitted flu-
orescence and DNA content, the cells with a doubled intensity of emit-
ted fluorescence are evaluated as the cell at G2 and M-phase of the
cell cycle. It was found, for example, that it is advantageous to pitch
with a yeast culture with the maximum proportion of the cells in the
G-1 and M-phases, when applying brewing yeast for primary fer-
mentation. After application of such yeast into aerated hopped wort,
the cells propagate fast and go over to the production phase (G1-
phase), where the population activity is low, but on other hand, the
metabolic activity is high, which shows a fast decrease of extract and
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Obr. 3/ Fig. 3 Obsah vybranych karbonylovych latek v provoznich pivech pfipravenych s kmeny €. 6 a 95 / Content of selected carbonyl com-

pounds in full-scale brewed beers prepared with strains No. 6 and 95
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Obr. 4 / Fig. 4 Senzorické hodnoceni provoznich piv / Sensory evaluation of full-scale brewed beers

teploté do 2 °C. Pro rychly start hlavniho kva$eni je vhodné lisované
kvasnice suspendovat v malém mnozstvi pfedku vychlazeného na
10-12 °C. Aktivace kvasnic je velice rychla a je mozno je s vyhodou
pouzit k zakvaseni mladiny po dokoné&eni varky.

Diky velmi dobré skladovatelnosti a pevné konzistenci lisovanych
kvasnic je pomérné jednoduchy transport i do vzdalenych teritorii.
Mame zkuSenosti s dodavkami napf. na Island, do Vietnamu, Alba-
nie, Tunisu atd. Kvalitu a dobré zkuSenosti s témito kvasnicemi nam
potvrzuji opakované objednavky od nasSich odbératell. Lisované
kvasnice se osvedcily i pfi testech v rdmci feSeni vyzkumnych tkold.
Umoznuji zajisténi standardniho prabéhu kvaseni i v dlouhych séri-
ich zkousSek.

Jak jiz bylo uvedeno, Vyzkumny Ustav pivovarsky a sladafsky ucho-
vava ve své mezinarodné registrované sbirce cca 130 rliznych kment
kvasinek. Siroké spektrum jejich vlastnosti ukazuije tab. 1, ktera uvadi
maximum a minimum sledovanych parametr( v porovnani s kmenem
€.95, nejrozsifenéjSim v Ceskych pivovarech. Velmi Siroké rozpéti hod-
not vybranych ukazatell pivovarského technologa urcité upouta a na-
vodi pocit moznosti jednoduchého feseni jeho problémda. Vybér vhod-
ného kmene pro zvoleny Ucel ale neni jednoduchy. To ilustruje tab 2,
porovnavajici vysledky pro 9 riznych kmen(, ziskané z laboratorniho
kvaSeni v kvasnych vélcich o efektivnim objemu 1 I. U kmenu €. 8,
12, 26 a 98 byla zjisténa vysoka tvorba diacetylu. U kment €. 11, 12,
26 a 98 velky rozdil mezi dosazitelnym a zdanlivym prokvasenim
a u kmend 11 a 12 nejpomalejsi kvaseni hodnocené na zakladé
Ubytku extraktu mezi 48. a 96. hodinou kvaseni. Pfiznivé vysledky
z pohledu moznosti uplatnéni v béznych technologickych podmin-
kach tak vykazuji kmeny 3, 6, 9 a 32.

Pfiklad porovnani kmene €. 6 v provoznim méfitku s nejrozsire-
néjSim kmenem €. 95 na mladiné ze stejné partie sladu uvadi tab.
3. S ohledem na skutec¢nost, ze kmen €. 6 je klasickym ¢eskym
kmenem, nepfekvapuje nizsi stupen prokvaseni. Naproti tomu zfe-
telné lepsi pénivost i pfi niz§im obsahu oxidu uhli¢itého u vzorku
piva pfipraveného s kmenem €. 6 je pfekvapujici, a bude vyzado-
vat potvrzeni v dalSi praci. Totéz plati o rozdilu v &irosti hotového
piva.

Zjisténé diference v obsahu tékavych latek ukazuji obr. 2 a 3. Je
sice mozné vysledovat odchylky v poméru alkoholl k esteriim, ve
slozeni jednotlivych esterl i karbonylovych latek, rozdily v§ak jsou
z hlediska prahovych koncentraci vnimani jen malo vyznamné. To
plati i pro vyrovnany senzoricky profil obou piv (obr. 4). Zasadni roz-
dil se v8ak projevil pfi hodnoceni trojuhelnikovym testem. Ten pro-
kazal rozdilnost testovanych vzorkd piv na hladiné pravdépodobnosti
95 %. To samoziejmé neni nijak pfekvapujici. Je velmi dobfe znamo,
ze vzajemné plsobeni senzoricky vyznamnych latek i pod prahovou
koncentraci se mize vyrazné projevit v kone¢ném charakteru piva
[26].

with ethanol production. A result of this is a shorter time of fermen-
tation.

The results are shown on Fig. 1. It is obvious that the results es-
pecially fro glycogen and DNA found for compressed yeast after 3 to
4 weeks comply with the values recorded for the yeast suspension
after 40 hours. For compressed yeast, the size of the cells and their
granularity practically does not change, which means in this case that
the initial condition at the time of yeast collection and processing is
maintained. On the other hand, a significant decrease in the sus-
pension can be observed for both cases, by 24 % for cell size and
36 % for granularity. It can be concluded from this fact that the me-
tabolic processes in cells go further without any access to nutrients.
These results and experiences with practical use of compressed ye-
ast entitle us to grant quality assurance of three weeks, when the ye-
ast is stored at a temperature to 2 °C. For a fast start of primary fer-
mentation, it is advantageous to suspend compressed yeast in a small
amount of first wort cooled down to 10 to 12 °C. The yeast activation
is very fast and it can be used for the pitching of the hopped wort af-
ter the brew is finished.

Owing to a good storage stability and solid consistency of com-
pressed yeast, transportation is relatively easy also for long distan-
ces. We have rich experience with supplies for example to Island, Vi-
etnam, Albania, Tunis, etc. The quality and good experience with the
yeast are confirmed by repeating orders from our customers. Com-
pressed yeast has did well also in the tests within the frame of sol-
ving research projects. The yeast allows to ensure a standard course
of fermentation also for a long series of trials.

As it has been already mentioned, the Research Institute of Bre-
wing and Malting keeps in its internationally registered yeast strain
collection about 130 various strains. A wide spectrum of their pro-
perties is given in Tab. 1, stating the maximum and minimum of mo-
nitored parameters as compared to strain No. 95, the most frequently
used strain in Czech breweries. A wide range of values of selected
parameters certainly attracts the attention of technical brewers and
creates a feeling of a possibility to simply resolve their problems. But
the selection of a suitable yeast strain for the selected purpose is not
easy. This is shown in Tab. 2 comparing the results for 9 various stra-
ins gained from laboratory fermentation in fermentation cylinders with
an effective volume of 1 litre. A high level of diacetyl formation was
determined for strains No. 8, 12, 26 and 98. With strains No. 11, 12,
26 and 98, a high difference between the maximum degree of fer-
mentation and apparent attenuation was found. Strains No. 11 and
12 showed the slowest rate of fermentation as evaluated on the ba-
sis of the decrease of extract between the hours of 48 and 96 of fer-
mentation. From the viewpoint of the application under common tech-
nological conditions, favourable results show strains 3, 6, 9 and 32.

An example of the comparison of strain No. 6 under full-scale con-



KVASNY PRUMYSL
ro¢. 55 /2009 — ¢islo 1

5 ZAVER

senzoricky charakter piva, tak technologii jeho vyroby. Volba opti-
malniho kmene pro konkrétni podminky a cile je vzdy velmi dllezi-
tym strategickym rozhodnutim, které mlze ovlivnit nejen uplatnéni
vyrobku na trhu, ale i ekonomiku jeho vyroby.

Odmeénou za toto slozité rozhodovani je moznost zvyraznit cha-
rakter piva v dnesni postupuijici unifikaci, coz je na trhu jednoznac-
nou vyhodou.

Vyzkumny Ustav pivovarsky a sladafsky, a. s., ma v sou¢asnosti
technické moznosti i informace pro spolupraci pfi feSeni tohoto slo-
zitého problému.
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