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Savel, J., Kosin, P., Broz, A.: Measurement of yeast concentration in rectangular and cylindrical cuvette. Kvasny Prum. 64(5):
217-223

Knowledge of yeast concentration is necessary for the pitching rate estimation. Centrifugation and turbidimetric method present
rapid and easy methods for the determination of yeast concentration. There are many variants of such techniques to monitor laboratory
fermentations even in test tube sizes. Procedures with and without sodium hydroxide solution were compared and evaluated. A simple
calculation procedure is based on two parameters, which have to be determined for the local condition of each brewery. They cover
yeast dry matter content of yeast sample and the yeast count related to 1 g completely dry yeast. It enables to calculate the probable
cell count in pitched substrate, which can be used for the photometric calibration curve construction. Linear and logarithmic relation was
used to express relation between yeast concentration and absorbance at 800 nm. The method based on yeast deflocculation enabled
to estimate starting yeast activity.

Savel, J., Kosin, P., Broz, A.: Méfeni koncentrace kvasinek v pravouhlé a valcovité kyveté. Kvasny Prum. 64(5): 217-223

Znalost koncentrace nasadnich kvasnic je nutna pro stanoveni zakvasného poméru. Odstfedovani a turbidimetrie pfedstavuiji rychlé
a snadné metody pro stanoveni koncentrace kvasinek. Existuje mnoho variant téchto technik pro sledovani laboratorniho kvaseni do-
konce ve zkumavkach. Postupy s pfidavkem roztoku hydroxidu sodného a bez néj byly zkouméany a srovnavany. Jednoduchy vypocetni
postup se zaklada na dvou parametrech, které se musi stanovit pro mistni podminky kazdého pivovaru. Parametry zahrnuji susinu
kvasnic a pocet kvasinek v 1 g kvasnic. Postup umozriuje vypocitat pocet kvasinek v zakvaseném substratu, coz Ize vyuzit pro konstrukci
kalibra¢ni kfivky. Linearni a logaritmicky vztah se pouzil pro vyjadreni vztahu mezi koncentraci kvasinek a absorbanci pfi 800 nm. Hod-

notila se také metoda umozriujici stanoveni kvasni¢né aktivity zaloZzena na kvasni¢né deflokulaci.

Keywords: centrifugation, deflocullation test, photometry, pressed
yeast, yeast activity, yeast concentration, yeast pitching, yeast trub

1 INTRODUCTION

Yeast consistency is associated with its cell concentration. Yeast
slurry also contains trub, which can be removed by sieving, washing
with water or chemical treatment.

Yeast pitching rate can be expressed as cell count or dry matter
amount in pitched substrate. Traditionally the amount of 0.5 liter of
thick bottom yeast per 1 hl of wort is recommended which responses
to 15 millions of cell in one ml of wort (Kunze, 2004; Narziss, 1986).
1 Ib pressed yeast per UK beer barrel is usually recommended in
English spoken countries (0.277 kg/hl wort, 10.108 cel/ml).

Analytica EBC (Yeast analysis) provides the following methods for
pitching rate determination:

+ haemocytometry

+ electronic counter

* photometric determination
« centrifugation

» dry weight determination

Haemocytometry uses various types of counting chambers. The
depth of chambers is usually 0.1 mm, aera of the large central square
is 1 mm?, which limits the volume up to 0.1 pl. The large square is
divided by the cuts into small ones.

Electronic counters are based on various principles such as con-
ductivity or capacitance measurement, radiometry, luminometry, cy-
tometry or accoustic photometry measurement (Basafova et al.,
2017).

Photometric determination uses turbidimetry or nephelometry
based on relation between yeast concentration and absorbance or
haze measurement. Longer wavelength A = 1000 nm (Upperton,
1969) or 800 nm (Savel and Prokopova, 1994) were used to elimi-
nate sample color,. The wavenlength 800 nm was used for so called
deflocculation test. The pitched wort was shortly centrifuged and
spontaneous growth of absorbance was observed thanks to yeast
deflocculation (Basarova et al., 2017). Yeast suspensions are usu-
ally centrifugated in test tubes or centrifugation cuvettes with flat or
conical bottom.

For dry matter determination the well washed yeast are drying at
105 °C for one to several hours. The pitching yeast contains varying

Klicova slova: deflokulacni test, fotometrie, kvasnicna aktivita,
kvasnicné kaly, koncentrace kvasinek, lisované kvasnice,
odstredovani, zakvasovani

1 UVOD

Konzistence nasadnich kvasnic souvisi s koncentraci kvasni¢nych
bunék. Neprané kvasnice také obsahuji kaly, které se mohou odstranit
pranim na sitech, promyvanim vodou, nebo plsobenim chemikalii.

Zakvasny pomér se mize uvadeét jako po€et bunék nebo mnozstvi
susiny v zakvaseném substratu. Tradi¢né se doporucuje mnozstvi
0,51 hustych spodnich kvasnic na 1 hl mladiny, coz odpovida 15 mili-
onlm bunék v 1 ml mladiny (Kunze, 2004; Narziss, 1986). V anglicky
mluvicich zemich se doporuéuje 1 libra lisovanych kvasnic na ang-
licky pivni barel (0.277 kg/hl wort, 10x 10° bunék/ml).

Analytica EBC (Analyza kvasnic) doporucuje nasledujici metody
pro stanoveni zakvasné davky:

« pfimé pocitani bunék v kom(rce
- elektronické méfeni koncentrace
- fotometrické stanoveni

« centrifugace (odstfed'ovani)

+ gravimetrické stanoveni susiny

P¥imé pocitani bunék pouziva rtzné druhy pocitacich komarek.
Jejich hloubka je obvykle 0,1mm a plocha stfedového &tverce je
1 mm2, coz vymezuje objem 0,1 pl. Velky ¢tverec je rozdélen zafezy
na malé ¢tverecky.

Elektronické pocitate kvasinek se zakladaji na rliznych princi-
pech, jako jsou méfeni vodivosti nebo kapacitance, radiometrie, lu-
minometrie, cytometrie nebo akusticka fotometrie (Basafova et al.,
2017).

Fotometrické stanoveni pouziva turbidimetrii nebo nefelometrii,
zalozené na vztahu mezi koncentraci kvasinek a absorbanci nebo
zakalem. Pro eliminaci barvy se pouZily delSi vinové délky-A = 1000
nm (Upperton, 1969) nebo 800 nm (Savel a Prokopova, 1994). Vino-
va délka 800 nm se pouzila v tzv. deflokula¢nim testu. Zakvasena
mladina se kratce odstfedila a pozoroval se samovolny narlst absor-
bance jako projev deflokulace (Basafova et al., 2017). Kvasni¢na
suspense se obvykle odstteduje ve zkumavkach nebo centrifugag-
nich kyvetach s plochym nebo kuzelovitym dnem.

Pro stanoveni susiny se dobfe proprané kvasnice susi po 1 az
nékolik hodin pfi 105 °C. Nasadni kvasnice obsahuji riznd mnozstvi
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amount of nucleic bases, protein, polyphenol, gummy materials in-
cluding bitter resins and their oxidation products. It can be dissolved
by alkali solutions. 0.1 ml ammonia hydroxide (5 mol/l) or 0.5ml so-
dium or potassium hydroxide (20 to 40 % w/w) to 10 ml yeast suspen-
sion is added to clean yeast cell (Analytica EBC, method 3.1.2.2).
Alkali and non alkali dry matter determination can be used.

The centrifugation method is based on forced sedimentation of
yeast slurry. Well washed yeasts are usually centrifuged at 3000 rpm
(20009) for 10 or 15 min and volume of sediment is measured. If the
cell count is to low (under 5.10% /ml) yeast can be concentrate by
another centrifugation followed by re-suspendation of yeast pellet in
smaller volume of water (Rainbow, 1968).

Non alkali dry matter of pressed pitching yeast is about 30 %,
which is approximate limit for its mechanical dewatering (Sruma,
1999). There is the relation between yeast treatment and dry matter:
1 Ib dried yeast (100%) = 2.9 Ib vaccum pressed (34.5%) = 3.6 Ib
centrifuged yeast (27.8 %) (Palmer, 1969).

Four methods of measuring yeast concentration were examined.
Brewing yeast was washed in distilled water, drained at vacuum
pump and diluted to 20 g/l. The average dry weight (3.3 mg/l) after
ammonia hydroxide addition and cell count (66.10%ml) were deter-
mined in five laboratories (Rainbow, 1968).

For yeast harvested from 12 breweries the pitching rate 0.5 Ib/bbl
(about 0.139 I/hl) responded to 6.5 10° + 1.1 108 cells/ml. The yeast
varied from 10 to 37 % and the trub content decreased to 0 to 27%
after alkali treatment (Palmer, 1969). The precision of the centrifuga-
tion was increased by alkali washing. On the other hand the natural
parts e.g. nucleic basis of yeast can be washed out by this proce-
dure.

The same strategy was used for pitched wort to control yeast con-
centration in it (Analytica EBC, method 3.1.2.2). The relation be-
tween yeast cell concentration and its absorbance must be set up.
The form of the relation curve depends on many factors including
size and form of yeast cell, tendency to flocks formation, composition
of cultivation media, presence of cold breaks and others.

Malsters and brewers often need to evaluate malt quality accord-
ing to fermentation behavior. For this purposes many small fermen-
tation test had been developed enabling testing various malt culti-
vars in large series. The influence of vessel shape, yeast pitching
number and other parameters were studied in several papers (Mcln-
tosh and Addler, 2012; Speers and Stokes, 2009).

Some still not fully clarified fermentation activities such as prema-
ture yeast flocculation (PYF) can also be studied in small fermenta-
tion tubes (Lake and Speers, 2008). This paper deals with compari-
son between rectangular and cylindrical cuvette used for photomet-
ric and centrifugation method for yeast cell concentration measure-
ment.

2. MATERIALS A METHODS

2.1 Yeast

Bottom yeast (S. pastorianus) was taken from production yeast
tanks containing washed and sieved yeast harvested after main fer-
mentation. The samples were pressed and washed by brewing water
in laboratory pressure filter. The pressed yeast cake (1 to 20 g/l,
about 30% dry matter) was homogenized in distilled water or filtered
wort to obtain yeast concentration ranging from 6 . 10° cell/gto 2. 108
cell/g. Yeast dry matter and cell concentration using Thoma counting
chamber were determined.

2.2 Yeast centrifugation

The yeast suspension was placed inside a tube with a flat bottom
and centrifuged for 10 minutes at 3000 rpm. Original cuvettes LCW
906 (1.1 cm inner diameter) were purchased from Hach Lange, CZ.
Volume 1ml is equal to 1 cm height in this cuvette. The ratio of the
sediment height to the height of the tube content after centrifugation
is named volume ratio of centrifuged yeast. Centrifuge with swinging
bucket rotor was used to obtain horizontal level of yeast sediment.

2.3 Yeast turbidimetry

Cell concentration and absorbance of the yeast suspension in dis-
tilled water or wort were measured with and without sodium hydrox-
ide addition (20 % m/m, 1.0ml to 10 ml). The rectangular (1x1 cm) or
cylindrical cuvette with sample was inverted several times and ab-
sorbance measured in the spectrophotometer CADAS 5000 (Hach
Lange, CZ.).

bazi nukleovych kyselin, bilkovin, polyfenold, gumovitych materiald
véetné jejich oxidaénich produktl. Tyto latky se mohou rozpustit al-
kalickymi roztoky. Pfidava se 0,1 ml hydroxidu amonného (5 mol/l)
nebo 0,5ml hydroxidu sodného (20 az 40 % w/w) k 10ml kvasni¢né
suspense, aby se omyl povrch kvasni¢nych bunék (Analytica EBC,
metoda 3.1.2.2). SuSina kvasnic se muze stanovit s pouzitim alkalic-
kych prostiedkd, nebo bez nich.

Centrifuga¢ni metoda vyuziva nucené sedimentace kvasnic. Dob-
fe promyté kvasnice se odstfeduji se pfi 3000 ot/min (2000g)
po dobu 10 nebo 15 minut a méfi se objem sedimentu. Pokud je
pocet bunék pfili§ nizky (pod 5x 108 /ml), mohou se kvasinky koncen-
trovat dalS§im odstfedénim, po kterém se kvasnicova peleta resus-
penduje v menSim objemu vody (Rainbow, 1968).

Susina lisovanych kvasnic je asi 30 %, coz je pfiblizna mezni hod-
nota jejich mechanického odvodnéni (Sruma, 1999). Udava se vztah
mezi zpisobem odvodnéni kvasnic a jejich susinou: 1 Ib susenych
(100%) = 2,9 Ib vakuové odsatych (34,5%) = 3,6 Ib odstfedénych
kvasnic (27,8 %) (Palmer, 1969).

Ovérovaly se Ctyfi metody meéfeni koncentrace kvasinek. Vare¢né
kvasnice byly promyty destilovanou vodou, odvodnény vyvévou
a zfedény na koncentraci 20 g/l. V péti laboratofich se stanovila pra-
mérna susina (3,3 mg/l) kvasnic po pfidani hydroxidu amonného
a pocet bunék (66x 106 /ml) (Rainbow, 1968).

Pfi zakvasné davce 0,5 Ib/bbl (asi 0,1391 /hl) kolisal pocet bunék
u 12 pivovarl v rozmezi 6,5 106+ 1,1 10° bunék / ml. Obsah kall
kolisal od 10 do 37 % a klesl na 0 az 27 % po alkalickém prani (Pal-
mer, 1969). Alkalickym pranim se zvySila pfesnost centrifuga¢ni me-
tody. Na druhé strané se timto postupem mohou z kvasnic vymyt
napf¥. ¢asti nukleovych kyselin, popt. jejich Stépy.

Stejny postup se pouziva pfi kontrole koncentrace kvasnic v mla-
diné (Analytica EBC, metoda 3.1.2.2). Pfedem se musi nastavit
vztah mezi koncentraci kvasinek a absorbanci mladiny. Tvar relaéni
kfivky zavisi na mnoha faktorech, jako jsou rozméry a tvar bunék,
jejich flokulace, slozeni kultivaéniho média, pfitomnost studenych
kal a dalsi.

Sladafi a pivovarnici ¢asto potfebuji posoudit kvalitu sladu podle
prabéhu kvaseni. Za timto G€elem byly vyvinuty malé zkousky, testu-
jici kultivary sladu ve velkych sériich. Vliv tvaru kvasné nadoby, po-
¢tu bunék pfi zakvaseni a jinych parametr se studovalo v nékolika
sdélenich. (Mclntosh a Adler, 2012; Speers a Stokes, 2009).

Nékteré dosud ne zcela objasnéné zavady kvaseni jako predcas-
na flokulace kvasnic (PYF) se mohou také studovat v malych kvas-
nych valcich (Lake a Speers, 2008).

Tento ¢lanek se zabyva srovnanim mezi pravouhlymi a valcovitymi
kyvetami, pouzivanymi pro fotometrickou a centrifugaéni metodu
mérfeni koncentrace kvasinkovych bunék.

2. MATERIAL A METODY

2.1 Kvasnice

Spodni pivovarské kvasinky (S. pastorianus) pochéazely ze zasob-
nich kvasniénych tank( obsahujicich vare¢né kvasnice z vyroby,
promyté a procisténé na vibraénich sitech. Vzorky kvasnic se promy-
ly varni vodou a lisovaly v laboratornim tlakovém filtru. Vylisovany
kvasnicovy kola¢ (1 az 20 g/l, pfiblizné 30 % susiny) se rozmichal
v destilované vodé nebo ve filtrované mlading, aby se dosahla kon-
centrace kvasinek v rozmezi 6x 10° az 2x 108 bunék/g. V suspenzich
se stanovila kvasni¢na susina a koncentrace bunék s pouzitim Tho-
movy komurky.

2.2 Centrifugace (odstredovani) kvasinek

Kvasni¢na suspense se odstfedovala 10 minut pfi 3000 min"
ve vélcovité kyveté s plochym dnem. Plvodni kyvety LCW 906
(1,1 cm vnitini primér) pochazely od firmy Hach Lange, Ceska re-
publika). 1 ml objemu ve valcovité kyveté odpovida vnitinimu prdmé-
ru kyvety LCW 906 (1,1 cm) v této studii. Pomér vysky sedimentu
k celkové vySce obsahu kyvety po centrifugaci se nazyva objemovy
podil odstfedénych kvasnic. K ziskani horizontalni hladiny kvasni¢-
ného sedimentu se pouzila odstfedivka s vykyvnym rotorem.

2.3 Turbidimetrie kvasniéné suspenze

Absorbance a koncentrace kvasni¢né suspenze se méfila v desti-
lované vodé nebo mladiné bez a s pfidavkem hydroxidu sodného
(20% m/m, 1,0ml k 10 ml suspenze). Pravouhla (1x1 cm), nebo val-
covita kyveta se nékolikrat obratily a absorbance se méfila ve spek-
trofotometru CADAS 5000 (Hach Lange, Ceska republika).
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2.4 Deflocculation test

The original version of this test was mentioned in 1984 as photo-
metric test, which was lately changed into deflocculation test
(Basarova et al., 2017). In the temporary paper, the condition influ-
encing test results are mentioned.

2.5 Yeast washing efficiency

Harvested yeast was centrifuged, supernatant poured off (water
0), distilled water equal to sediment volume was added and after
decantation the sample was centrifuged again. The supernatant was
collected and its absorption spectrum recorded. This procedure was
repeated three times to receive third washing water (water 3). The
spectra measurement was repeated after the addition sodium hy-
droxide (20% w/w, 1 ml/10ml washing water).

3 RESULTS AND DISCUSSION
3.1 Relation between yeast dry matter and its concentration

Calculation of yeast concentration
The dry matter of pitching yeast can be expressed using yeast
mass fraction:

my
1. w,= =

m, My + Mipo

where w, is the mass fraction of yeast dry matter, m, is the mass of
dry yeast matter, m, is the mass of pitching yeast before drying, m,
is the mass of water. It can be also expressed as percent after multi-
plying by 100.

Yeast concentration can be also given as cell count per mass or
volume unit, which can be interchanged because specific gravity of
yeast is near 1 for water. Pitching rate is amount of pitching yeast
(yeast dose, m,, w,) added to a volume or mass of substrate to
achieve a desired yeast concentration:

m, m,
2. PR= =
4 m, + m

where PR is pitching rate, m, is yeast dose, V is the total volume
of pitched substrate, m, is the mass of substrate.

Yeast mass depends on its dry matter:

3. mw,=(m,+ m)w,

where w,, is the mass yeast concentration in yeast, w,is the mass
fraction of dry yeast in pitched substrate.

Yeast cell count can be also usually given per mass unit of pitching
yeast.

4. n

=Ny W,

y
where n, is the cell count per 1g pitching yeast, n, is the cell count
per 1g yeast dry matter, but the numbers depends on top or bottom
yeast, trub amount of and dry matter determination procedure.
Yeast dry mass fraction or yeast concentration can be also deter-
mined through yeast centrifugable volume:

where Vj is the volume ratio of centrifuged yeast, v, is the volume
of yeast sediment, v, the volume of substrate above it, V, is total
volume after centrifugation. Mass fraction of yeast dry matter of cen-
trifuged yeast (w, = 0.28) is close to dry matter of vacuum or me-
chanically pressed yeast (w, = 0.30). Yeast is therefore less com-
pressed during centrifugation than at mechanical pressing. For the
estimation of pressed yeast mass fraction, the Vi has to be multiplied
by ratio 0.30/0.28.

In the case of the cylindrical cuvette with flat bottom the formula
can be written as:

2.4 Deflokulaéni test

Pavodni verze testu pochazi z roku 1984, kde se oznacuje jako
fotometricky test. Pozdéji byl tento test oznacen jako deflokulaéni
test (Basafova et al., 2017). V souasném sdéleni se ovéfuji pod-
minky, ovlivriujici vysledky tohoto testu.

2.5 Vliv prani kvasnic na absorpéni spektra

Sebrané kvasnice se odstfedily a supernatant odlil (voda 0). K se-
dimentu se pfidal stejny objem destilované vody a po dekantaci se
odstfed'ovani opakovalo. Tento postup byl tiikrat opakovan pro zis-
kani tfeti praci vody. Méfeni spekter se opakovalo bez a po pfidavku
hydroxidu sodného (20 % hmotnostnich, 1 ml/10 ml myci vody).

3 VYSLEDKY A DISKUSE
3.1 Vztah mezi suSinou kvasnic a jejich koncentraci

Vypocet koncentrace kvasnic
Susina kvasinek se muize vyjadfit hmotnostnim zlomkem:

My
1. w, = =
my+ Mo

kde w, je hmotnostni podil kvasni¢né susiny, m, je hmotnost susi-
ny kvasnic, m, je hmotnost nasadnich kvasnic pfed suSenim, my, je
hmotnost vody. Susina se mlze také vyjadfit v procentech po vyna-
sobeni 100.

Koncentrace kvasinek mlze byt také dana jako pocet bunék
na jednotku hmotnosti nebo objemu, které Ize zaménit, protoze rela-
tivni hustota kvasinek je pfiblizné 1 jako pro vodu. Zakvasny pomér
je mnozstvi nasadnich kvasnic (zakvasna davka, m,, w,) pfidané
k objemu nebo hmotnosti substratu k dosazeni pozadované koncen-
trace kvasinek

m, m,
2. PR= =
74 m, + m

kde PR je zékvasny pomér, m, je zakvasna davka, V je celkovy
objem zakva$eného substratu, m; je jeho hmotnost.

Hmotnost kvasnic zavisi na jejich susiné.

3. mw,=(m,+ myw,

kde w,, je hmotnostni zlomek susiny kvasnic v zakvaseném sub-
stratu.

Pocet kvasniénych bunék se muize také vztahovat na hmotnostni
jednotku nasadnich kvasnic.

4. n=nyw,

kde n, je poCet bunék v 1g nasadnich kvasnic, n, je poCet bunék
v 1g suchych kvasnic, ale tyto pocty zavisi na svrchnich nebo spod-
nich kvasinkach, mnozstvi kald a zpisobu stanoveni suSiny.

Hmotnostni zlomek suSiny, nebo koncentrace kvasinek se také
mohou stanovit jako objemovy podil odstfedénych kvasnic.

kde Vj, je objemovy podil odstfedénych kvasnic, v, je objem kva-
siéného sedimentu, v, je objem substratu nad nim, V, je celkovy ob-
jem v kyveté po centrifugaci. Hmotnostni zlomek sus$iny kvasnic od-
stfedénych kvasnic (w, = 0,28) je blizky susiné vakuové nebo me-
chanicky lisovanych kvasnic (w, = 0,30). Kvasinky jsou proto béhem
centrifugace méné stlateny nez pfi mechanickém lisovani. Pro od-
had hmotnostni frakce lisovanych kvasnic musi byt V; ndsoben po-
mérem 0,30/0,28.

Pro valcovitou kyvetu s plochym dnem se tento vztah mize vyjad-
fit jako:
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where h, is the height of yeast centrifugate h, is the total height of
cuvette content above flat bottom after centrifugation. From the
same reason if the pressed yeast (w, = 0.3) is used at yeast suspen-
sion preparation the higher h, is obtained and has to be corrected.

The height of yeast centrifugate in cylindrical cuvette can be esti-
mated according to equation

where w, iis the mass fraction of dry matter of yeast centrifugate
8. h,d?=vy,

where d is the cuvette diameter.

3.2 Relation between turbidity and yeast concentration

3.2.1 Low range of yeast concentration

Cell concentration and absorbance of the yeast suspension pre-
pared from pressed yeast (0 — 29 pressed yeast / | pitched suspen-
sion) were measured without and with and sodium hydroxide addi-

kde h, je vySka odstfedénych kvasinek, h, je celkovéa vyska obsa-
hu kyvety nad plochym dnem po odstiedéni. Ze stejného dlivodu se
pfi pouZiti lisovanych kvasnic (w, = 0,3) pfi pfipravé suspenze kvasi-
nek ziska h, vy$si a musi se korigovat.

Vyska odstfedénych kvasnic ve valcovité kyveté se mize odhad-
nout podle rovnice

kde w, je hmotnostni podil susiny odstfedénych kvasnic
8. h.d?=vy,

kde d je prlimér kyvety.

3.2 Vztah mezi absorbanci a kvasni¢énou koncentraci

3.2.1 Nizky rozsah koncentrace kvasinek

Koncentrace bunék a absorbance kvasni¢né suspenze pfipravené
z lisovanych kvasnic (0-2g lisovanych kvasnic /I suspenze) byly mé-
feny bez a s pfidavkem hydroxidu sodného (1 ml 20% NaOH /10mi
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Fig. 1 Absorbance (800 nm) of yeast suspension in distilled water
with alkali (OH) and non alkali addition in rectangular (R) or cylindri-
cal (C) cuvette versus yeast concentration

Obr. 1 Absorbance (800 nm) kvasniéné suspenze v destilované vodé
s pridavkem hydroxidu sodného (OH) a bez néj v pravouhlé (R) nebo
valcovité (C) kyveté v zavislosti na kvasni¢né koncentraci

Fig. 3 Absorbance (800 nm) of yeast suspension in distilled water
(DI) and hopped wort (HW) with alkali (OH) and non alkali addition in
rectangular (R) or cylindrical (C) cuvette versus cell count

Obr. 3 Absorbance (800 nm) kvasniéné suspenze v destilované vodé
(DIl) a mladiné (HW) s pfidavkem hydroxidu sodného a bez né&j v pra-
vouhlé (R) a valcovité (C) kyveté v zavislosti na koncentraci kvasinek
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Fig. 2 Absorbance (800 nm) of yeast suspension in distilled water
with alkali (OH) and non alkali addition in rectangular (R) or cylindri-
cal (C) cuvette versus pitching rate (PR)

Obr. 2 Absorbance (800 nm) kvasni¢né suspense v destilované vodé
s pfidavkem hydroxidu sodného (OH) a bez né&j v pravouhlé (R) nebo
valcovité (C) kyveté v zavislosti na zakvasném poméru (PR)

Fig. 4 Absorbance (800 nm) of yeast suspension in distilled water
(DI) and hopped wort (HW) with alkali (OH) and non alkali addition in
rectangular (R) or cylindrical (C) cuvette versus pitching rate (PR)
Obr. 4 Absorbance (800 nm) kvasni¢né suspense v destilované vodé
(DI) a mladiné (HW) s pfidavkem hydroxidu sodného (OH) a bez néj
v pravouhlé (R) nebo valcovité kyveté (C) v zavislosti na zakvasném
poméru (PR)
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tion (1 ml 20% NaOH/10 ml suspension). If the absorbances are plot-
ted against yeast concentrations, the linear relations are obtained
with different scopes depending on kind of cuvette and the addition
of sodium hydroxide to yeast suspension in distilled water (Fig. 1,2).

3.2.2 High range of yeast concentration

Cell concentration and absorbance of the yeast suspension pre-
pared from pressed yeast (2 — 20g pressed yeast/l pitched suspen-
sion) were measured without and with sodium hydroxide addition
(1 ml 20% NaOH/10 ml). If the absorbances are plotted against yeast
concentrations logarithmic relations are obtained with different con-
stants of dependence on kind of cuvette and the addition of sodium
hydroxide to yeast suspension in distilled water (Fig. 3,4).

The addition of NaOH solution decreased the absorbance in both
kinds of cuvettes , which was caused by dissolution of the material
released from the yeast cell or presented in wort. Dry matter of yeast
is often determined after alkali washing, but such value doesn’t re-
spond to live yeast used for the pitching.

The absorbance in the rectangular cuvette was always higher than
that in cylindrical one, although the optical path was near the same.
It could be caused by different light scaterring and its absorption.

3.3 Relation between pitching rate and yeast concentration

Yeast suspensions in distilled water were prepared from pressed
yeast (w, = 0.3) covering low and high range of PR (0 to 20 g/l) to
relate pitching rate to yeast concentration measured in rectangular
cuvette (800 nm, 1 cm). Linear relation between yeast concentration
and pitching rate was used (Table 7).

9. n,=0.001 PRnyw,

where yis yeast concentration in milions cells/ml, 0.001 is the con-
version factor between g and |, PR is the pitching rate (g/l), n, is ex-
plained in the equation (4). The values n, =2 10" /g was found for
dried yeast and (w, = 1.0), n, = 6 10° /g for the pressed yeast (w, =
0.3), Tab. 1.

The first degree of polynomial equation was used with the inter-
cept = 0 was used to estimate cell count over both range of yeast
concentration although Fig. 1 and 2 should be used for low range
and Fig. 3 and 4 for the high concentration.

3.4 Deflocculation test

Deflocculation test is based on the centrifugation immediately
pitched substrate to obtain thin layer of yeast with light beam passing
above it. The stirred suspension of pressed yeast in distilled water
(PR =200 g/l, w, = 0.3) was pipetted together with saccharose solu-
tion (10% w/w) into cylindrical cuvette. After 2 min centrifugation
(3000 rpm, 10 min) the absorbance was measured to determine the
height of this layer.

The height of yeast layer lower than 8mm in cylindrical cuvette
was sufficient for this test because it did not block light beam through
the cuvette. The same stirred suspension of yeast was mixed with
saccharose solution to record influence of yeast concentration on the
deflocculation process. The initial concentration 3 108 cell/ml allows
recognized active yeast in several minutes. The test might be useful
for the testing yeast viability (Fig. 5).

3.5 Yeast washing efficiency

Absorption spectra of supernatant from unwashed and three times
repeated yeast washing by the same amount of distilled water to re-
ceive washing water 0 and 3. The spectra measurement was re-

Tab. 1 The relation between yeast dry matter and yeast concentration
Tab. 1 Vztah mezi kvasniénou susinou a koncentraci kvasinek

suspenze). Pokud se absorbance vynaseji proti koncentracim kvas-
nic, ziskaji se linearni vztahy s rlznymi smérnicemi v zavislosti
na druhu kyvety a pfidavku hydroxidu sodného k suspenzi kvasinek
v destilované vodé (obr. 1, 2).

3.2.2 Vysoky rozsah kvasni¢né koncentrace

Koncentrace bunék a absorbance kvasnitné suspenze pfipravené
z lisovanych kvasnic (2 az 20g lisovanych kvasnic) se méfily s pfi-
davkem hydroxidu sodného (1 ml 20% NaOH/10ml) a bez néj. Po-
kud se hodnoty absorbance vynesou proti koncentracim kvasnic,
ziskaji se logaritmické vztahy s rGznymi konstantami v zavislosti
na druhu kyvety a pfidavku hydroxidu sodného k suspenzi kvasinek
v destilované vodeé (obr. 3, 4).

Pridavek roztoku NaOH snizil absorbanci u obou druht kyvet, coz
bylo zplsobeno rozpusténim latek uvolnénych z kvasinkové buriky
nebo pfitomnych ve sladiné. SuSina kvasinek se €asto stanovuje
po alkalickém prani, ale tato hodnota nezahrnuje zivé kvasinky pou-
Zivané pfi zakvaseni.

Absorbance v pravouhlé kyveté byla vzdy vyS$Si nez ve valcovité,
ackoli délka optické drahy v kyveté byla téméF stejna, coz mohlo byt
zplsobeno rdznym pomérem mezi rozptylem svétla a jeho absorpci.

3.3 Vztah mezi zakvasnym pomérem a kvasni¢énou koncentraci
Kvasni¢né suspenze v destilované vodé byly pfipraveny z lisova-
nych kvasnic (w, = 0,3) pokryvajicich nizky a vysoky rozsah zakvas-
ného poméru (0 az 20 g/l), aby se koreloval zakvasny pomeér s kon-
centraci bunék méfenou v pravouhlé kyveté. Pouzil se linearni vztah
mezi suSinou kvasni¢né suspense a zakvasnym pomérem (fab.1).

9. n,=0,001 PRn,w,

kde y je koncentrace kvasinek v zakvaseném substratu (miliony
bunék/ml, 0,001 je konverzni faktor mezi g a |, PR je zakvasny pomeér
(g/1), vyznam n, je vysvétlen v rovnici (4). Hodnoty n, = 2x 10 /g se
nalezly pro (w,=1,0), n,=6x 10° /g pro lisované kvasnice (w, = 0.3),
Tab.1.

Linearni regrese s hodnotou 0 v po¢atku se pouzila pro obé roz-
mezi koncentraci, aCkoliv obr. 1 a 2 by se mély pouzit pro nizké roz-
mezi a obr. 3 a 4 pro vysoké koncentrace bunék.

3.4 Deflokulaéni test

Deflokulaéni test se zaklada na odstredéni bezprostiedné zakva-
Seného substratu, aby se dosahlo tenké vrstvy kvasinek se svétel-
nym paprskem prochézejicim nad nim. Michana suspenze lisova-
nych kvasinek v destilované vodé (PR =200 g/l, w, = 0,3) se pipeto-
vala spolu s roztokem sacharosy (10% hm.) do vélcovité kyvety.
Po 2 min odstfedovani (3000 ot/min, 10 min) se méfila absorbance
roztoku pro stanoveni maximalni pouzitelné vysky kvasnic (tab. 2).

Vyska kvasnicové vrstvy men$i nez 8mm ve valcovité kyveté byla
pro tento test postacujici, protoze tato vrstva nezakryvala priichod
svételného paprsku kyvetou. Stejna michana suspenze kvasinek se
smichala se sacharosovym roztokem, aby se zaznamenal vliv kon-
centrace kvasnic na proces deflokulace. Pfi poCate¢ni koncentraci
3x 108 bunék /ml bylo mozné rozeznat aktivni kvasinky béhem néko-
lika minut. Test by mohl byt uziteCny pro testovani aktivity kvasinek
(obr. 5).

3.5 Vliv prani kvasnic na absorpéni spektra

Absorpéni spektra supernatantu nepranych kvasnic a po tfikrat
opakovanym pranim kvasnic stejnym mnozstvim destilované vody
se méfila bez pfidavku hydroxidu sodného (20% w/w, 1ml/ 10 ml su-
pernatantu) a s nim (obr. 6).

Yeast consistency Yeast dry matter (%) Yeast concentration cell/g
Konzistence kvasnic Kvasnicna susina (%) Pocet kvasinek/ml
Dry yeast matter o

Suché kvasnice 100 210
Centrifugated or pressed yeast 5
Odstredéné nebo lisované kvasnice 251035 610

Thick yeast 1510 25 410°

Husté kvasnice

Thin yeast 5

Ridké kvasnice Sto15 210
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Tab. 2 The determination of the maximal height yeast layer for the deflocculation determination
Tab. 2 Stanoveni maximalini pouzitelné vysky kvasnié¢né vrstvy pro deflokulaéni test

Mixture / Smés Centrifugate / Sediment
Yeast Saccharose v v I heiah
Kvasnice Sacharosa east Saccharose B BV elg :
(200 g/l) (10 % wiw) (cell/ml) Sacharosa Vrstva kvasnic Absorbance
i - Kvasinky (% wiw) vyska (800 nm)
(bunék/ml) ° (mm)
1 3 3108 7.5 3 0.000
2 2 6 108 5.0 5 0.001
3 1 9108 2.5 8 0.001
4 0 12 108 0 10 0.218

peated after the addition sodium hydroxide (20% w/w, 1ml/ 10ml
washing water) (Fig. 6).

The brown color of unwashed brewery yeasts is caused by ad-
sorbed polyphenol and melanoid substances and their oxidation
products which intensifies in alkali solution. Brewer’s yeast can be
decolorized by long washing with cold water. Browning is almost ab-
sent in pressed baker’s yeasts, which are grown on sugar substrates
with a low content of polyphenols. It is therefore appropriate to meas-
ure the degree of the yeast browning determination by brewery yeast
water spectrum in the visible area. In the simple case it is sufficient
to measure the absorbance of washing water at one wavelength,
e.g., 430 nm, commonly used for measuring beer color.

4 CONCLUSIONS

Centrifugation and turbidimetric method present rapid and easy
method for the determination of yeast concentration. A simple calcu-
lation procedure is based on two parameters, which have to be de-
termined for the local condition of each brewery. They cover yeast
dry matter content of yeast sample and the yeast count related to 1g
completely dry yeast. It enables to calculate the probable cell count
in pitched substrate, which can be used for the photometric calibra-
tion curve construction. Rectangular and cylindrical cuvette with the
same length of light path provided substantially different result.

Wavelength 800 nm is recommended for the turbidimetric yeast
determination because the lower wavelength can strongly influence
the result of the measurement. On the other hand the lower wave-
length can be used to determine the washing efficiency.

The presence of wort and yeast trub can strongly influence the
variables obtained even with well water washed yeast. Yeast trub
can be dissolved by alkali treatment which can be used in both cen-
trifugation and photometric method. The alkali addition makes the
results apparently more precise, but it is strongly influenced by both
alkali concentration and time between its addition and the measure-
ment. The main disadvantage of such procedure is rapid yeast killing
by alkali hydroxide and the damage of the cell structures.

Two forms of calibration curve have been suggested for the photo-
metric measurement of yeast concentration. Logarithmic curve

Hnédé zbarveni nepranych pivovarskych kvasnic je zpdsobeno
hlavné adsorbovanymi polyfenolovymi i melanoidnimi latkami a je-
jich oxidaénimi reakcemi a hnédnuti zesiluje v alkalickém prosttedi.
Odbarveni pivovarskych kvasnic je obtizny kol a dosud se provadé-
lo dlouhym pranim studenou vodou. Tento vliv se témér nevyskytuje
u lisovanych pekafskych kvasnic, které se péstuji na cukernych sub-
stratech s nizkym obsahem polyfenolovych latek. Pro orienta¢ni sta-
noveni stupné znecisténi vare€nych kvasnic je proto vhodné méfeni
pracich vod pivovarskych kvasnic ve viditelné oblasti spektra, v jed-
noduchém pfipadé i méfeni absorbance pfi jedné vinové délce,
napf. 430 nm, bézné pouzivané pro méfeni barvy piva.

4 ZAVER

Centrifugacni a turbidimetricka metoda predstavuji rychlou a snad-
nou metodu pro stanoveni koncentrace kvasnic. Jednoduchy postup
vypocCtu se zaklada na dvou parametrech, které se musi urcit pro
mistni podminky kazdého pivovaru a zahrnuji obsah kvasni¢né susi-
ny a pocet kvasinek v 1g suchych kvasnic. Tento postup Ize pouzit
pro konstrukci fotometrické kalibraéni kfivky. Pravouhla a valcovita
kyveta se stejnou délkou optické drahy poskytovaly podstatné odlis-
né vysledky.

Vinovéa délka 800 nm se doporucuje pro fotometrické méfeni sta-
noveni kvasinek, protoze niz§i vinové délky mohou silné ovlivnit tato
méfeni. Na druhé strané méfeni absorbance kvasni¢ného superna-
tantu ve viditelné oblasti mize snadno rozliSit mezi dobfe a Spatné
promytymi kvasnicemi.

Pfitomnost mladinovych a kvasniénych kald muaze silné ovlivnit
hodnoty, ziskané dokonce s dobfe promytymi kvasnicemi vodou.
Kvasni¢éné kaly se mohou snadno rozpustit, coz se mlze vyuzit pfi
centrifugacéni i fotometrické metodé, ale ¢as a zplsob rozpousténi se
musi vhodné nastavit. Pfidavek alkalickych latek zdanlivé vysledky
zpresniuje, ale je silné ovlivnéno jak koncentraci prostfedku, tak ¢a-
sem mezi jeho pfidanim a méfenim. Hlavni nevyhodou tohoto mére-
ni je rychlé zabijeni kvasinek alkalickym hydroxidem a poskozeni
jejich bunécnych struktur.

Pro fotometrické méfeni koncentrace kvasinek byly vhodné dva
tvary kalibra¢ni kfivky. Logaritmické kfivka slouzi k hrubému odhadu
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Fig. 5 Absorbance of yeast suspension on its initial concentration
before centrifugation

Obr. 5 Zavislost absorbance odstfedéné kvasnitné suspense na
Case pro rlizné poc¢atecni koncentrace kvasinek pred odstfedénim

Fig.6 Absorption spectra of supernatant of unwashed (water 0) and
three times repeated washing (water 3) without and with NaOH addition
Obr. 6 Absorpéni spektrum supernatantu nepranych kvasnic (voda 0)
po trojnasobném opakovaném prani kvasnic (voda 3) bez a s pfi-
davkem NaOH
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serves for the rough estimation of yeast concentration in thick yeast
sample or fermentation substrate whereas the linear model is suita-
ble for low yeast content after water pitching.

There is another possibility to use photometric method to monitor
the laboratory fermentation in small containers. The wort haze can
be strongly decreased by filtration before pitching which enables to
monitor small fermentation trials for high numbers of various yeast or
worts

List of symbols

d cylindrical cuvette diameter

h, height of yeast centrifugate

h,  total height of cuvette content after centrifugation

mass of dry yeast matter

mass of added substrate

mass of pitching yeast before drying

mass of water

cell count per 1g yeast dry matter

cell count per 1g pitching yeast or fermenting substrate
mass fraction of yeast dry matter of centrifuged yeast

the mass fraction of yeast dry matter in the pitched substrate
the mass fraction of yeast dry matter

pitching rate

volume of yeast sediment after centrifugation

volume of the substrate above sediment

Vis the total volume of pitched substrate

total volume of pitching yeast or fermenting substrate after
centrifugation

the volume ratio of centrifuged yeast
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