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Laboratory pressure fermentation can be used for process monitoring such as measurement of yeast activity, its resistance to tempera-
ture, carbon dioxide, sanitation agents or determination of fermentation process yield. This method does not replace precise analytical
methods but it can be used if they are economically or time demanding. This paper deals with the determination of fermentable sugars
in brewing substrates, yeast activity kinetic measurement and rapid estimation of conditions influencing the fermentability determination.
The advantages of pressure fermentation in a closed container are the elimination of volatile fermentation products escape including
water vapor and the possibility of serial processing of large quantities of raw materials with simple equipment.

Savel, J., Kosin, P, Strejc, J., Broz, A., 2018: Vyuziti laboratorniho méreni tlaku pro sledovani kvasného procesu. Kvasny Prum.
64(3): 117-121

Laboratorni tlakové kvaseni se mlize vyuzit pfi sledovani kvasného procesu, jako je méfeni aktivity kvasnic, jejich odolnosti k teplote,
oxidu hlinitému, sanitacnim prostfedkim, nebo pfi stanoveni vytézku kvasného procesu. Tato metoda nenahrazuje presné analytické po-
stupy, ale mize se vyuzit, jestlize jsou ekonomicky a ¢asové naro¢né. Clanek pojednava o stanoveni zkvasitelnych cukrd v pivovarskych
substratech, kinetické metodé kvasni¢né aktivity, nebo rychlém ovéreni podminek pro méreni dosazitelného kvaseni. Vyhodami tlakové
fermentace v uzaviené nadobce jsou zabranéni uniku tékavych produktl véetné vodni pary a moznost sériového zpracovani velkého

mnozstvi vzorkd surovin s jednoduchym vybavenim.

Keywords: yeast, pressure, fermentation, fermentometer, degree
of fermentation, yield fermentation

1 INTRODUCTION

Pressure fermentation can be used for process monitoring such as
measurement of yeast activity, its resistance to temperature, carbon
dioxide, sanitation agents or fermentation yield determination. This
method does not replace precise analytical methods but it can be
used if they are economically or time demanding.

Carbon dioxide formation monitoring is a popular laboratory and
operational measurement technique. Usually, the weight loss of fer-
menting medium or volume/flow rate of escaping carbon dioxide is
measured. A pressure fermentometer is a device that measures car-
bon dioxide pressure in a closed volume container. This kind of de-
vice using mercury as sealing liquid was called the fermentometer in
the detailed study (Rahn, 1929).The similar instrument was originally
constructed by Russian inventor lvanov and called a pressure ma-
nometer in Czech literature (Teyssler-Kotyska et al., 1932).

The manometric principle was also used for Warburg’s manometer
to measure metabolic activity of yeast using aqueous sealing liquid
(Bendova and Kahler, 1981). Its modification was used to measure
rheological properties and activity of yeasts stored at different tem-
peratures (Lencél et al., 1987).

Pressure fermentometers have been improving in recent years us-
ing advanced automation. They were used to measure yeast con-
tamination or yeast activity (Mdller-Aufermannet al., 2014; Michell et
al., 2016).

This paper deals with the determination of fermentable sugars in
brewing substrates, yeast activity kinetic measurement and rapid es-
timation of conditions influences the course of fermentability determi-
nation.

2 MATERIAL AND METHODS

2.1 Fermenting substrates

Reference solution of 10% (w/w) sucrose (Merck, Germany) in
brewing water, samples of laboratory sweet wort shortly boiled after
congress mashing and samples of production hopped wort.

2.2 Pressed yeast
Freshly harvested yeast (300g) was decanted with 31 of cold
brewing water that was poured off after natural sedimentation in a re-
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1 UVOD

Méreni tlaku pfi kvaseni se mGze vyuzit pfi sledovani kvasného
procesu jako jsou méfeni aktivity kvasnic, jejich odolnosti k teploté,
oxidu uhli¢itého, sanitacnim prostfedkim nebo stanoveni vytézku
kvaSeni. Tato metoda nenahrazuje pfesné analytické metody, ale
muUze se pouzit, jestlize jsou ekonomicky, nebo ¢asové narocné.

Sledovani pribéhu kvaseni podle tvorby oxidu uhli¢itého je oblibe-
nou laboratorni i provozni technikou. Obvykle se méfi ztrata hmot-
nosti kvasiciho média, popf.objem, nebo pratok unikajiciho oxidu
uhligitého. Tlakovy fermentometr je pfistroj, ktery méfi tlak oxidu uh-
liGitého v uzaviené nadobce se stalym objemem. Tento druh pfistro-
je, vyuzivajici rtuti jako uzaviraci kapaliny byl nazvan fermentometr
v podrobné studii (Rahn, 1929). V Eeské literatufe se podobny pfi-
stroj, plivodné sestrojeny ruskym badatelem Ivanovem, nazyval tla-
kovy manometr (Teyssler-Kotyska et al., 1932).

Na manometrickém principu se také zakladal Warburglv mano-
metr pro méfeni metabolické aktivity kvasinek s vodnou uzaviraci
kapalinou (Bendova a Kahler, 1981). Jeho modifikace se vyuzila pro
méfeni rheologickych vlastnosti a aktivity kvasnic, skladovanych pfi
rznych teplotach (Lenoél et al., 1987).

Tlakové fermentometry se v posledni dobé stale zdokonaluji
v souvislosti s jejich automatizaci. Pouzivaji se k méfeni prikazu
kvasni¢né kontaminace a méfeni kvasni¢né aktivity (Maller-Aufer-
mann, S. et al., 2014; Michell, M. et al., 2016).

Tento Clanek se zabyva stanovenim zkvasitelnych cukrd v pivovar-
skych substratech, kinetickym méfenim aktivity kvasnic a rychlym
stanovenim podminek, ovliviiujicich prabéh stanoveni fermentability.

2 MATERIAL A METODY

2.1 Kvasné substraty

Referenéni roztok 10% (w/w) sacharosy (Merck, Némecko)
ve varni vodé, vzorky laboratorni sladiny, kratce povafené po kon-
gresnim rmutovani a vzorky provoznich mladin.

2.2 Lisované kvasnice

Cerstvé sebrané kvasnice (300g) se rozmichaly v 31 varni vody,
po pfirozené sedimentaci v chladni¢ce se voda slila a kvasnice vyliso-
valy laboratornim lisem. Lisované kvasnice obsahovaly 30 % suSiny.
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frigerator and yeast sediment was pressed in a laboratory press.
Pressed yeast contained 30% dry matter.

2.3 Instruments

A manometric meter measuring CO, content in beer with a fermen-
tation container lockable with a crown caps (1-CUBE, Czech Repub-
lic). The instrument gives gauge pressure (against atmospheric pres-
sure) with help of a mechanical or electronic manometer. Alcolyzer
Beer Analyzer (Anton Paar, Austria).

A rotary loopster rotating samples in containers placed on a carrier
plate moved by selectable station speeds and with adjustable incli-
nation of its axis against a horizontal pedestal (IKA Loopster, Ger-
many).

2.4 Measurement procedure

Pressed yeast previously washed with brewing water was weighed
into containers together with fermentation substrate and a drop of
silicone antifoam agent. The containers were crowned, their content
mixed thoroughly and the samples were kept at rest or with stirring
(30°, 7 rpm). Pressure of CO, was measured at selected time inter-
vals.

2.5 Calculations

In brewing, formulas according to Balling are used. Balling used
the Gay-Lussac equation of alcoholic fermentation corrected for sug-
ar consumption required for yeast biomass and carbon dioxide pro-
duction. In this paper, we present a formula for the calculation of
carbon dioxide amount m,, from the gauge pressure in a closed
fermentation container, derived from the data in previous work (Savel
et al., 2014).

The derivation of the mo, calculation formula is based on the fol-
lowing assumptions:
* the yeast suspension densities (p, p,) in the substrate/yeast mix-

ture are close to 1g.cm?®
» The amount of liquid in the fermenting mixture is the weight of the

substrate m, increased by the weight of water m,, in yeast of the

amount m, valid for yeast containing 30% of dry matter (0.7m,).

The head space of the fermentation containers filled with air at
beginning of the fermentation. After oxygen consumption by yeast,
the absolute pressure of CO, is lower by the pressure of remaining
nitrogen (80 kPa). For measurement by an overpressure manome-
ter, the absolute pressure is equal to p+ 101.325-80 kPa. The CO,
equilibrium between the gaseous and liquid phases allows to calcu-
late the total amount of produced CO, m¢.:

1. Moo = (P + 21.325) [0.00529 ——2— + 0.0001 m,+0.7m
co2 = (P ) [ 1127315 ( )
2617.25
exp (-10.74 + —
t+273.15

where p is the pressure measured by the gauge sensor (kPa), V,
is the volume of the head space (ml), tis the temperature (°C), m,, m,
are the weights of substrate and pressed yeast (g):

where V, V, are the approximations of total volume and head-
space of fermentation container in ml, because numerically 1g (m,or
m,) occupies volume of 1ml. From the same reason, if 5ml of sub-
strate was pipetted instead of weighted, m,. = 5ml is written in text.

The original Balling real degree of fermentation was calculated us-
ing the formula:

m
3. RDF (Balling) = 100 —=

0

where RDF is the real degree of fermentation (%), E, is the original
extract of the substrate (% w/w) and n is the real extract.

According to the Balling formula, 2.0665 g of the extract consump-
tion responds to 0.9565g of CO,, which means that the degree of
extract utilization a is:

2.3 Pristroje

Manometricky méfi¢ obsahu CO, v pivu s kvasnou nadobkou uza-
viratelnou korunkovym zavérem (1-CUBE, CR). P¥istroj udava hod-
notu tlaku proti atmosférickému tlaku (gauge pressure) s mechanic-
kym, nebo elektronickym manometrem.Laboratorni analyzator piva
Alcolyzer (Anton Paar, Rakousko).

Rotaéni smésovac obracenim vzorkl v kyvetach na nosném talifi
s volitelnym poétem otacek a nastavenim sklonu jeho osy proti vodo-
rovnému podstavci (IKA Loopster, Némecko).

2.4 Postup méreni

Do kyvety pfistroje se navazily lisované provozni kvasnice pred-
tim proprané vodovodni vodou, pfidal kvasny substrat a kapka sili-
konového odpériovate a po uzavieni korunkou a promichani se
vzorky nechaly pfirozené kvasit v klidu, nebo pfi jejich pfevraceni
(30°, 7 min'"). Ve zvolenych €asovych intervalech se odecital pfe-
tlak CO,.

2.5 Vypocéty
V pivovarstvi se k pribéhu kvaseni vyuzivaji vztahy podle Ballin-
ga, ktery pouzil Gay-Lussacovu rovnici alkoholického kva$eni upra-
venou o korekci na cukr, spotfebovany na tvorbu kvasni¢né biomasy
a oxid uhli¢ity. V tomto ¢lanku uvadime vzorec pro vypocéet mnozstvi
oxidu uhli¢itého mg, z pfetlaku v uzaviené kvasné nadobce, odvo-
zeny z Udajll v pfedchozi praci (Savel et al., 2014).
Odvozeni vzorce pro vypocet mgo, vychazi z téchto predpokladu:
* hustoty kvasni¢né suspenze (p, ps) ve smési substratu a kvasnic
jsou blizké hodnoté 1g.cm®

- mnozstvi kapaliny v kvasici smési je hmotnost substratu m, zvétse-
ného o hmotnost vody m, v kvasnicich hmotnosti m,, platny pro
kvasnice s 30 % susiny (0,7m,)

Hrdlovy prostor kvasné nadobky je na pocatku kvaseni vyplnény
vzduchem a po spotfebé kysliku kvasnicemi je absolutni tlak oxidu
uhli¢itého nizsi o tlak zbyvajiciho dusiku (80 kPa), coz se pfi méfeni
pfetlakovym manometrem (p) rovna absolutnimu tlaku p + 101,325
—80. Za predpokladu rovnovahy CO, v plynné a kapalné fazi nadob-
ky je celkové mnozstvi vzniklého CO, my,:

1. Mgop = (p + 21,325) [0,00529 +0,0001 (m, +0.7 m,)

t+273,15

2617,25

exp (-10.74 + —
t+273,15

kde p je tlak, méfeny pfetlakovym manometrem (kPa), V, je objem
hrdlového prostoru (ml), t je teplota (°C), m,, m,jsou hmotnosti sub-
stratu a lisovanych kvasnic (g):

ms _mL)

Ps Py

2.V, = (V,-

kde V,, V, jsou odhady celkového a hrdlového objemu kvasné na-
dobky v ml, protoze numericky 1g kvasnic nebo substratu (m, nebo
m,) zaujimaji 1ml. Ze stejného divodu kdyZ se 5ml substratu pipe-
tovalo misto navazovalo, uvadi se v textu 5g.

Puavodni skute¢ny stuperi prokvaseni podle Ballinga se pocital po-
dle vzorce:

m
3. RDF (Balling) = 100 ——=

0

kde RDF je skutecny stuperi prokvaseni (%),
substratu (% w/w) a n je skute¢ny extrakt.

Podle koeficientl Ballingova vzorce vznikne z 2,0665g extraktu
0,9565g CO,, coz znamena, Ze tvorbé 1g CO, odpovida spotfeba
2,1605g extraktu a stupen vyuziti extraktu a je:

E, je pavodni extrakt

4. a=2,1605 %2
Mg
kde mcq, je mnozstvi vzniklého CO,, mg, je mnozstvi extraktu v pfida-
ném substratu, které se ziska nasobenim jeho hmotnosti koncentraci
substratu. Hodnota a umozriuje také vypocitat koncentraci zkvasitelné-
ho extraktu. Hodnota a souvisi s RDF (Balling) podle vztahu:
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m,
4. q=2.1605 —2

Mgy

where mg, is the amount of CO, produced, mg, is the amount of
extract in added substrate obtained by multiplying its weight by sub-
strate concentration. The a value also allows to calculate the con-
centration of fermentable extract. Value a is related to RDF (Balling)
according to the formula:

5. RDF (Balling) = 100 a

The pressure in the container is proportional to the initial amount
of the extract and it can be calculated from the volume of container,
the temperature and the amount of yeast and substrate.

In this article, the experiment parameters ranged within the follow-
ing limits: V,=35ml, m,=0.1-5.09, my=5g (~5 ml), t=23-25 °C.

The relationship between RDF (Balling) and ADF expresses the
coefficient g and its dependence on the original extract. For Czech
beers, the mean q = 1.239 was determined (Savel et al., 2015). With
a completely fermented substrate (a = 1), values of ADF> 100 are
obtained, which is unlikely for brewing substrates. Currently, the real
degree of fermentation is used in the form of:

2.0665 A
6. RDF (EBC) = 100

2.0665 A+ n

which takes into account the amount of yeast and carbon dioxide
removed during fermentation (Cutaia and Munroe, 1979). This cor-
rection is not necessary for fermentation in a closed container.

3 RESULTS

3.1 Determination of conditions for fermentability
measurement by fermentometer

3.1.1 Effect of yeast dose and agitation on pressure growth
during fermentation of sucrose

Analytica EBC allows to determine fermentability of laboratory
sweet wort, production wort and final attenuation of beer after addi-
tion of yeast. The high yeast dosage, fermentation cap and stirring
are used to make the test rapid. The reference (15g of yeasts/200 ml,
24 h of stirring) and accelerated (32g yeasts/200 ml, 7h of stirring)
methods occur. ADF is calculated from the beer analysis obtained by
the fermentation at 20 °C under the atmospheric pressure with an
aqueous fermentation cap. Another possibility is to determine the
concentration of particular fermentable sugars in substrate.

5ml of sucrose (10% w/w) was fermented at a temperature of 23-
25 °C with the yeast dose of 0.1, 0.5, 1.0 and 5.0g for 1, 3 and 6 h at
rest and with stirring. The averages of three repeated determinations
are shown in Fig. 1.

CO, formation finished after 3 hours fermentation at rest or with
stirring of 5ml sucrose solution with the dosage 1 to 59 of pressed

400
350
300
250

. m15h
200

< m3h
150 6h

100

50

0.1g(-)0.1g (+)0.5g(-) 0.5g (+) 1g(-) 1g(+) 5g() 5g(+)

Fig. 1 The CO, pressure growth during the fermentation of sucrose
(5ml, 10% w/w,) with 0.1 — 5.0g of pressed yeast at rest (-) or with
stirring(+)

Obr.1 Rist tlaku béhem kvaseni sacharosy (5ml, 10% w/w,) s 0,1 —
5,09 lisovanych kvasnic v klidu (-) nebo za pohybu (+)

5. RDF (Balling) = 100 a

Tlak v uzaviené nadobce pfi kvaseni je Uumérny pocateCnimu
mnozstvi extraktu a je mozné ho vypocitat z objemu nadobky, teplo-
ty, mnozstvi a koncentrace kvasnic i substratu.

V tomto ¢lanku se parametry pokust pohybovaly v téchto mezich:
V,=35ml, m,=0,1-5,09, my=5g (~5 ml), t =23 — 25 °C.

Vztah mezi RDF (Balling) a ADF vyjadfuje koeficient g a jeho za-
vislost na plvodnim extraktu. Pro ¢eska piva se stanovila stfedni
hodnota g = 1,239 (Savel et al., 2015). Pfi dokonale zkvasitelném
substratu (a = 1) se tak ziskaji hodnoty ADF> 100, coZ u pivovar-
skych substratll neni pravdépodobné. V soucasnosti se pouziva
skute€ny stupeni prokvaseni ve tvaru:

2,0665 A
6. RDF (EBC) = 100 —————

2,0665 A+ n

ktery bere v ivahu mnozstvi kvasnic a oxidu uhli¢itého, odstranée-
ného béhem kvaseni (Cutaia a Munroe, 1979). Pfi kvaSeni v uzavie-
né nadobce neni tato korekce nutna.

3 VYSLEDKY

3.1 Stanoveni podminek pro méreni fermentability tlakovym
fermentometrem

3.1.1 Vliv davky kvasnic a michani na tlakovy rist pfi kvaseni
sacharosy

Analytica EBC umozriuje urcit zkvasitelnost (fermentability) labo-
ratorni sladiny, mladiny i kone¢né prokvaseni (final attenuation) ho-
tového piva po pfidavku kvasnic a k témto substratiim. Aby se stano-
veni zrychlilo, voli se vysoka koncentrace kvasnic, kvasi se pod
kvasnym uzavérem a smési se micha. Existuji referenéni (15g kvas-
nic/200ml, 24 h michani) a zrychlené (32g kvasnic/200ml, 7 h mi-
chani) stanoveni, stuperi zdanlivého prokvaseni ADF se pocita
z analyzy piva, vzniklého kvasenim pfi 20 °C za atmosférického tlaku
pod vodnim uzavérem. Dal§i moznosti je stanoveni koncentrace jed-
notlivych zkvasitelnych cukrl v substratu pred zakvasenim.

5ml sacharosy (10 % w/w) kvasilo pfi laboratorni teploté 23 -25 °C
s davkou kvasnic 0,1, 0,5, 1,0 a 5,09 kvasnic po dobu 1,3 a 6 h
v klidu a tfepani. Praméry tii stanoveni uvadi obr. 1.

Tvorba CO, skonéila po 3 h v klidu nebo michani 5ml roztoku sa-
charosy s davkou 1 az 59 lisovanych kvasnic, coz odpovida 40 az
400g kvasnic na 200 ml substratu. Davky kvasnic se pro srovnani
pfepocitavaji na davky pouzivané v metodice EBC. Primérnému
pretlaku 353 kPa odpovidala hodnota a = 0,95 — 0,98. Michani
urychlilo tlakovy nardst zejména pfi nizkych davkach kvasnic.

3.1.2 Vliv davky kvasnic a michani na tlakovy nardtst pFi
kvaseni laboratorni sladiny a provozni mladiny

Pramérné hodnoty pretlaku a hodnot a ze tfi riznych davek labo-
ratornich i provoznich substrati uvadéji obr. 2 a 3. Rozmezi pivod-
niho extraktu pred zakvasenim bylo u zkvaSovanych substratd LW
8,8 — 9,2, u provozni mladiny HW1 11,4 — 11,5, u HW2 12,7 - 13,4 %
W/W.

Podle o¢ekavani byl tlak CO, zavisly na mnozstvi plivodniho extraktu
pivovarského substratu. Tvorba CO, skoncila po 3 h v klidu nebo micha-
ni 5ml roztoku substratu s davkou 1 az 5 g lisovanych kvasnic.

Pro stfedni hodnotu a = 0,60 — 0,66 se s pouzitim hodnoty g = 1,239
pohybuje odhad zdanlivého dosazitelného prokvaseni AFD mezi 74
az 82%, coz odpovida kolisani teploty a rozdilim ve vypoctu AFD
z méfeni tlaku nebo pfi pfesném stanoveni z rozboru piva. Koeficient
g podle Ballinga rovnéz zavisi na pavodnim extraktu substratu.

3.2 Stanoveni aktivity kvasnic

Roztoky sacharosy a pivovarskych substratd kvasily za klidu v tla-
kovém fermentometru se zdznamem tlaku (obr. 4).

Vzorek sladiny HW1 poskytl nejrychlejsi tlakovy nardst (nejvyssi
aktivitu kvasnic), ackoliv u roztoku sacharosy byl dosazitelny stupen
prokvaseni nejvyssi.

4 DISKUSE

Zkvasitelnost pivovarskych substratll i hotového piva je vlastné
stanovenim obsahu zkvasitelnych cukr(. Vysoké koncentrace kvas-
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yeast (corresponding to 40 to 400 g of yeast per 200 ml of substrate).
The yeast dose was converted for the batch used in the EBC meth-
odology. The average overpressure of 353 kPa corresponded to a =
0.95 — 0.98. The stirring accelerated the pressure growth, especially
at the low dose of yeast.

3.1.2 Effect of yeast dose and mixing on pressure growth
during fermentation of laboratory sweet wort and
production wort

The average values of pressure and a values from the three sam-
ples of laboratory and production substrates are shown in Fig. 2
and 3. The range of original extract before the fermentation was for
the laboratory sweet wort LW 8.8 — 9.2 and for the production worts
HW1 11.4 — 11.56 and HW2 12.7 — 13.4% w/w.

As expected, the CO, pressure was dependent on the amount of
the brewery substrate original extract. CO, formation from 5ml of
substrate solution at the dosage 1 and 59 of pressed yeast finished
within 3 hours at rest or with stirring.

For the mean value of a = 0.60 - 0.66, the estimation of ADF is
between 74 and 82% using the value g = 1.239, which corresponds
to temperature fluctuation during measurement and the differences
in the ADF calculation in comparison to the beer analysis. The Ball-
ing coefficient g also depends on the original extract of the substrate.

3.2 Determination of yeast activity

Sucrose and the brewery substrate solutions were fermented at
rest in the pressure fermentometer with the pressure recorder
(Fig. 4).

The production wort HW1 showed the most rapid pressure growth
although the sucrose solution produced the highest final pressure
value.

4 DISCUSSION

The fermentability of brewing substrates or finished beer is actu-
ally the determination of the fermentable sugars content. High con-
centration of yeast and stirring should facilitate fermentation of last
remaining fermentable sugars even in well-fermented beer.

In sweet wort and hopped wort, fermentable sugars are the portion
of the extract which can be converted into alcohol by fermentation,
thereby assessing its maximum possible use. Fluctuation of experi-
mental conditions causes greater variance of the pressure determi-
nation of fermentable sugars but it represents another alternative to
the classical analysis. Its advantage is the possibility of large number
of raw material samples with simple and inexpensive equipment. Its
accuracy can be increased by both the hardware (thermostat, stirrer)
and the software (calibration) means.

Fermentation in a closed container prevents the escape of alcohol,
water vapor and the removal of propagated yeast which cannot be
otherwise completely removed. The absence of fermentable sugars
corresponds to a = 0, their maximum content corresponds to a = 1.
The pressure fermentometer also allows to assess the effect of CO,
pressure on fermentation since it can be adjusted by the initial ex-
tract.

Using the pressure measurement, the influence of the yeast dose
(0.1-59) to 5ml of 10% sucrose (Fig. 1) was verified at rest and with
stirring, which correspond to dose of 40-400g of yeast per 200 ml of
substrate according to the EBC methodology. Almost complete fer-
mentation (a ~ 1) was achieved in 6 hours of stirring at yeast dose of
0.5 g/5ml. For brewing substrates, complete fermentation was
achieved at the yeast dose of 1 g/5ml, which can be also expected
for the fermentation at rest in 24 hours.

The manometric method allows measurement of fermentation ki-
netics as can be seen from Fig. 1 and 4. In a sealed container at rest
and with stirring, the pressure growth depends on the yeast dose as
well as the amount of fermentable substrate according to the first-
order kinetic.

1.p=p,(1-e™)

where p is the gauge pressure at the time T and k is the rate con-
stant. After substrate consumption, final pressure p() is established
that corresponds to the total utilization of fermentable sugars. How-
ever, it is necessary to reach equilibrium between the liquid and the
solid phase by intense movement; otherwise, the last measured val-
ues are lower. The rate constant depends on the dose of yeast and the
kind of substrates including concentration of stimulators and inhibitors.

400

350

300 —

uLW
B HWI1
HW2

1g3h (-)

1g3h (+) 1g1d(-) 5g3h(-) 5g3h(+) 5gid(-)

Fig. 2 The CO, pressure after the fermentation of 5ml of the labora-
tory sweet wort (LW 8.8 — 9.0 % w/w) and the production worts HW1
(11.4 — 11.5% w/w) and HW2 (12.7 — 13.4% w/w) with 1 and 5 g of
yeast at rest (-) or with stirring(+).

Obr. 2 Tlak CO, po kvaseni 5ml laboratorni sladiny (LW 8,8 — 9,0 %
w/w), mladin HW1 (11,4 — 11,5% w/w) a HW2 (12,7 — 13,4 % w/w)
s 1 a 5g kvasnic v klidu (-) a za pohybu (+)

nic a michani maji usnadnit prokvaseni poslednich zbytk( zkvasitel-
nych cukrl i v dobfe prokvaseném pivu.

Ve sladiné a mladiné udava tato hodnota podil extraktu, ktery Ize
kvaSenim pfeménit na alkohol a tim posoudit jeho maximalni mozné
vyuziti. Kolisani pokusnych podminek zpUsobuje vétsi rozptyl vy-
sledkd, nez pfi vypoctu z analyzy prokvaseného piva, ale manomet-
rické stanoveni zkvasitelnych cukrll pfedstavuje dalsi alternativu.Jeji
vyhodou je moznost sériového zpracovani velkého mnozstvi vzorkd
surovin s jednoduchym a levnym vybavenim. Jeho pfesnost je moz-
né zvysit jak hardwarovymi (termostat, michacka), tak softwarovymi
(korekéni €leny) prostredky.

Kvaseni v uzaviené nadobce zamezuje Uniku alkoholu, vodnich
par a odstrariovani pomnozenych kvasnic, které nelze jinak Uplné
odstranit. Nepfitomnosti zkvasitelnych cukrd odpovida a = 0, jejich
maximalnimu obsahu a = 1. Tlakovy fermentometr umoznuje také
posoudit vliv pretlaku CO, na kvaseni, nebot jeho velikost Ize nasta-
vit pocatec¢nim mnozstvim extraktu.

V manometrickém méfeni se v klidu a za pohybu ovéfoval vliv
davky 0,1 —5g na 5ml 10 % sacharosy (obr. 1), coz odpovidalo dav-
kam 4 — 200g kvasnic na 200 ml substratu podle Analytiky EBC.
Témér Uplného prokvaseni (a ~ 1) se dosahlo i za 6 h pohybu jiz pfi
davce kvasnic 0,5g/ 5ml (20 g/200 ml). U pivovarskych substratd
se dosahlo uplného prokvaseni pfi davce kvasnic 1g/5 ml, které Ize
ocCekavat i pfi kvaseni v klidu po 24 h.

Manometricky zplisob umozriuje méfit i kinetiku kvaseni, jak je pa-
trné iz obr. 1a 4.V uzaviené nadobce v klidu i pfi michani roste tlak

0,8
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304
= HW1
0,3 HW2

0,2

0,1
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1g 3h(-)

1g3h(+) 1gid(-) 5g3h(-) 5g3h(+) 5gid(-)

Fig. 3 The degree of extract utilization a after the fermentation of the
laboratory sweet wort (LW 8.8 — 9% w/w) and the production worts
HW1 (11.4 — 11.5% w/w) and HW2 (12.7 — 13.4 % w/w) with 1 and
59 of yeast at rest (-) or with stirring (+)

Obr. 3 Stupen vyuziti substratu a po kvaseni laboratorni sladiny (LW
8,8 — 9,0% w/w), mladin HW1 (11,4 —11,5% w/w) a HW2 (12,7 -
13,4% w/w) s 1 a 5g kvasnic v klidu (-) a za pohybu (+)
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Kinetic equations can also be used to determine yeast activity and
fermentability of substrate. In this way, it is possible to predict the yield
of alcohol from sugar raw material and the amount of fermentable sug-
ars that is important for predicting nutritional value of beverages. De-
termination is simple and requires only the small amount of sample. By
changing test parameters, the resulting pressure and the carbon diox-
ide content in the fermentation container can be adjusted.

The knowledge of manometric fermentation can be used in the
combination of fermentation under pressure and determination of the
final degree of fermentation from ADF using chemical analysis. For
finished beer, the fermentation in a closed container, from which the
fermentation products are not removed can be used. According to
our experience, dose of 5g of yeast per 100ml of beer can be used
in the 0.5 liter PET bottle with fermentation time of 6 hours with stir-
ring or at rest until the next day. For beers with low residual extract
content, fermentation products are prevented from removing even at
low pressure growth.

The pressure fermentometer allows by the sample volume reduc-
tion and the yeast concentration increase to shorten the analysis
time without the need for classical beer analysis.

List of symbols

a degree of extract utilization

p, Ps density of yeast, substrate (~1g cm )
alcohol (% w/w)

E, original extract of added substrate (% w/w)

mg, amount of extract in added substrate (g)

mgo, total amount of carbon dioxide resulting from fermentation (g)
m; mass of substrate solution (g)

m,  mass of yeast (dry matter 30 % w/w) (g)

m,  mass of water in added yeast (0,7 m,, g)

n real extract (% w/w)

p gauge pressure (kPa)

RDF real degree of fermentation (%)

ADF apparent degree of fermentation (%)

t temperature (°C)

V, volume approximation of fermentation container (ml)
v, volume approximation of head space (ml)

T time (s)

k kinetic constant (s)
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Fig 4 The pressure growth during the fermentation of 5ml of sucrose
(10% w/w) and the production worts HW1 (11.5% w/w) and HW2
(13% w/w) with 1 and 5 g of yeast at rest or with stirring

Obr. 4 Tlakovy rast béhem kvageni 5 ml sacharosy (10 % w/w) a mla-
din HW1 (11,5% w/w) a HW2 (13% w/w) s 1 a 5g kvasnic v klidu
a za pohybu

v zavislosti na kvasné davce i mnozstvi zkvasiteIného substratu, coz
odpovida kinetice prvniho fadu.

1.p=p,(1—-e™)

kde p je aktualni pfetlak v ¢ase T a k je rychlostni konstanta. Po
vyCerpani substratu se ustavi kone¢ny rovnovazny tlak, ktery odpo-
vida Uplné spotfebé zkvasitelnych cukrd, je v8ak nutné dosahnout
rovnovahy mezi kapalnou a pevnou fazi intenzivnim pohybem, jinak
jsou posledni méfené hodnoty niz&i. Velikost rychlostni konstanty
zavisi i na davce kvasnic a slozeni substratl, véetné koncentrace
stimulator( a inhibitord kvaseni.

Kinetické rovnice lze vyuzit také k stanoveni aktivity kvasnic
i zkvasitelnosti substratu. Timto zplsobem Ize pfedpoveédét vytézek
alkoholu z cukerné suroviny i mnozstvi vyuzitelnych cukra, které je
dulezité pro pfedpovéd nutriéni hodnoty napojd. Stanoveni je jedno-
duché a vyzaduje pouze malé mnozstvi vzorku. Zménou parametrd
pokusu Ize nastavit i vysledny tlak a obsah oxidu uhli¢itého v kvasné
nadobce.

Poznatkd z manometrického kvaseni Ize vyuzit v kombinaci kva-
Seni pod tlakem se stanovenim kone¢ného stupné prokvasSeni podle
hodnoty AFD z chemického rozboru. U hotovych piv Ize vyuzit kva-
Seni v uzaviené nadobce, z niz neunikaji produkty kvaseni. Podle
nasich zkuSenosti Ize pouzit davky 5g kvasnic na 100ml piva v 0,51
PET lahvi s dobou kvaseni 6 h za michani, nebo v klidu do druhého
dne. U piv s nizkym zbytkovym obsahem extraktu se zabrani Gniku
kvasnych produktt i pfi nizkém tlakovém rastu.

Tlakovy fermentometr umozriuje zmenSenim objemu vzorku
a zvy$enim koncentrace kvasnic zkratit dobu rozboru bez nutnosti
pfimé analyzy piva.

Seznam symboli

a stupeni vyuziti extraktu

p, Ps density of yeast, substrate (~ 1g cm )
koncentrace etanolu (% w/w)

E, koncentrace extraktu v pfidaném substratu (% w/w)

mnozstvi extraktu v pfidaném substratu (g)

mnozstvi oxidu uhli¢itého vzniklého kvasenim (g)

hmotnost roztoku substratu (g)

hmotnost pfidanych kvasnic s 30 % susiny (g)

obsah vody v pfidanych kvasnicich (0,7 m,, g)

skute€ny extrakt (% w/w)

Udaj pretlakového manometru (kPa)

skute€ny stuperi prokvaseni (%)

zdanlivy stuperi prokvaseni (%)

teplota (°C)

odhad objemu kvasné nadobky (ml)

odhad objemu hrdlového prostoru (ml)

skute€ny stupen prokvaseni (%)

¢as (s)

rychlostni konstanta (s™)
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