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Kosin, P. — Savel, J. — Broz, A.: Vertikalni refraktometr pro sledovani priib&hu kvaseni. Kvasny Prum. 62, 2016, &. 3, s. 90-93

PFi méreni refrakce kvasici mladiny se musi odstranit kvasnice filtraci a vzorek zbavit oxidu uhli¢itého, coz prodluzuje dobu méreni.
Popisuje se méreni refrakce s vertikalné ulozenym hranolem bez nutnosti Upravy vzorku. K méfeni postacuje 50 ml vzorku, doba méfeni
je 1 min, coz umoznuije rychlé stanoveni stupné prokvaseni a fizeni kvasného procesu. Jsou uvedeny vypocetni vzorce pro stanoveni
stupné prokvaseni z refrakce a plivodni refrakce vzorku pred kvasenim.

Kosin, P. — Savel, J. — Broz, A.: Vertical refractometer for the monitoring of main fermentation. Kvasny Prum. 62, 2016, No. 3,
pp. 90-93

Fermenting beer samples usually have to be filtered and degased prior to refraction measurement with ordinary horizontal digital
refractometer. The article deals with the use of vertical refractometer without the need to treat samples prior to the measurement. The
volume of sample (50 ml) is sufficiently low as well as the duration of analysis is (around 1 minute per sample), which enables fast deter-
mination of the degree of fermentation needed to control the fermentation. Calculation formulas for the degree of fermentation from the
refraction and original wort refraction are summarized.

Kosin, P.— Savel, J. — Broz, A.: Vertikal - Refraktometer zur Verfolgung des Gérungsprozesses. Kvasny Prum. 62, 2016, Nr. 3, S. 90-93

Bei der Messung der garenden Wirze ist es notwendig, die Hefe und Kohlendioxid aus dem Muster zu beseitigen, beides verlangert
die Messungszeit. In dem Artikel wird eine Messung der Refraktion auf Refraktometer mit einem senkrecht montierten Prismen ohne
Notwendigkeit Muster Probenvorbereitung beschrieben. Zur Messung ist es gentigend 50 ml Muster, die Messungszeit dauert eine Minu-
te, was ermdglicht eine schnelle Bestimmung des Vergarungsgrades und damit die Steuerung des Garungsprozesses. Zur Bestimmung
des aktuellen Vergérungsgrades und des urspriinglichen Grades der Stammwdrze aus der Refraktionsmessung sind die notwendige

Berechnungsformel beigeflgt.

Kli¢ova slova: hlavni kvaseni, fizeni procesu, refraktometr,
vertikalni hranol, stuperi prokvasenti, eliminace zdkalu a CO,

1 UVOoD

Metody sledovani pribéhu kvaseni piva se li§i zplisobem pred-
chozi Upravy vzorku, jehoZ pracnost je pfimo Umérna presnosti vy-
sledku analyzy. Nejjednodus$im zplisobem bylo ponofeni sacharo-
metru pfimo do kvasné kadé, které ve své dobé neslo nejen riziko
rozbiti sacharometru a kontaminace piva rtuti, olovem a stfepy, ale
hlavné bylo kvdli nadnaseni sacharometru oxidem uhli¢itym a ulpi-
vani pény na stonku sacharometru malo pfesné. Pfesto v mensich
provozech pozadovanému Ucelu dodnes dostacuje.

Analyza se zpresni ¢asteCnym zbavenim oxidu uhli¢itého tfepa-
nim a odecitanim udaje na sacharometru v odmérném valci, ¢imz Ize
zpUsob, pfi kterém se po odstranéni oxidu uhli¢itého a kvasnic vzo-
rek analyzuje stejnym zplsobem jako hotové pivo, naptiklad pomoci
automatického analyzatoru. Investi¢né nakladnou alternativou je za-
pojeni automatického analyzatoru v kombinaci s automatizovanym
odbérem vzork(l pfimo v provoze.

Pres jednoduchost méfeni se pro sledovani kvaseni malo rozsifily
digitalni refraktometry s horizontélnim ulozenim vzorku (dale hori-
zontalni refraktometry), které sice potfebuji podobnou Upravu vzorku
jako denzitometrické metody, av$ak pracuji s mnohem menSim obje-
mem kapaliny. Nevyhodou je nedostate¢na teplotni kompenzace
udaju u levnéjsich pristroji. Zajimavou alternativou by mohl byt ver-
tikalné usporadany refraktometr s temperaci vzorku (dale vertikalni
refraktometr), jehoz vyuziti je pfedmétem tohoto sdéleni.

2 MATERIAL A METODY

2.1 Pivo a kvasnice

K pokuslim se pouzil svétly lezak a svétlé vyCepni pivo a kvasnice
spodniho kva$eni se stfedni sedimentacni schopnosti. Kvasici pivo
se odebiralo pfimo z kvasnych tanku pivovaru, pivo se zndmym ob-

Keywords: main fermentation, process control, refractometer,
vertical prism, degree of fermentation, elimination of haze and CO,

1 INTRODUCTION

Methods for the monitoring of main fermentation differ in the way
of sample preparation; the labor intensity is directly proportional to
the accuracy of analysis result. The easiest way has always been the
immersion of hydrometer directly into the fermentation vessel, which
brings not only the risk of breakage of hydrometer and contamination
of beer by mercury, lead and glass fragments, but also is inaccurate
due to the buoyancy of hydrometer by carbon dioxide and due to the
beer foam sticking on the hydrometer scale. In spite of these risks is
this easy method used in smaller operations up to the present time.

Hydrometric analysis can get more precise by degassing of beer
sample and by reading of the hydrometer in a graduated cylinder.
Such a method can be successfully used even in bigger breweries.
The most accurate, but also the most labor demanding is analysis by
automated beer analyzer after the removal of carbon dioxide and
yeast in the same way as analysis of the finished beer. Investment-
expensive alternative is to set automated beer analyzer in a combi-
nation with an automated sampling device directly in the fermenta-
tion department.

Monitoring of fermentation with horizontal digital refractometer is
only rarely used, despite the simplicity of measurement with much
smaller volume of liquid. The disadvantage is the need for sample
preparation similar to densitometry and the lack of cheaper devices
with temperature control. An interesting alternative could be vertical
refractometer with temperature control, of which usage is the subject
of this communication.

2 MATERIAL AND METHODS

2.1 Beer and yeast
Pale lager and bottom fermentation yeasts with medium sedimen-
tation rate were used in the experiments. Fermenting beer was sam-
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sahem kvasnic se pfipravilo pfimichanim hustych kvasnic do vytfe-
paného filtrovaného piva, pivo s riznym obsahem CO, se pfipravilo
smisenim nevytfepaného (5 g/l CO,) a vytfepaného (2 g/l CO,) piva.

2.2 Analyzatory

— Automaticky analyzator piva Alcolyzer Plus (Anton Paar, Rakous-
ko)

— Horizontalni &islicovy refraktometr s vypoctovou korekci na teplotu
20 °C a presnosti méreni 0,1 % °Brix DR 301-95 (Kriss Optonic,
Némecko)

— Vertikalni Cislicovy refraktometr s temperaci Peltierovym ¢lankem
a presnosti 0,05 °Brix Abbemat 300 Juice Station (Anton Paar,
Rakousko).

PFi porovnani vysledk( analyzator( se zanedbavaji drobné rozdily
mezi °Brix a % hm.

2.3 Vypocty

Z namérené refrakce (°Brix) a extraktu plvodni mladiny stanove-
né automatickym analyzatorem piva se vypocetly hodnoty alkoholu
a skuteéného extraktu podle dfive publikovaného postupu vyuziva-
jiciho vzorctl (1) a (2) (Savel et al., 2009). Zdanlivy extrakt se vypo-
¢etl z relativni hustoty vzorku vzorcem (3) (Basarfova et al., 2010).
Relativni hustota vzorku se ziskala z Tabarieho vzorce (4) po pfe-
vedeni skute¢ného extraktu a alkoholu na relativni hustoty vzorci (5)
a (6) (Kosin et al., 2008). V praxi ¢astéji pouzivany zdanlivy stupen
prokvaseni se vypocetl podle vzorce (7) (Basarova et al., 2010).

A=0,67062 - P—0,66091 - R (1)
E;=1,27582 - R—0,29388 - P 2
E,=-460,234 + 662,649 - h., — 0,202,414 - h_? ®3)
hey= hep + hy—1 (4)
e, = 7,7240 - 107°E4 — 6,8676 - 10°E,* + 1,1830 - 105E2+
+3,8786 - 10°E, + 1 (5)
h,=1,3687 - 10°A* — 8,5754 - 107A° + 3,6456 - 10°A, —
—1,9324 - 10°A + 1 (6)
ApF=L=Ex 400 @)

kde A je alkohol v % hm., P je extrakt plvodni mladiny v % hm., R
je refrakce v °Brix, Eg je skute€ny extrakt v % hm., E, je zdanlivy
extrakt v % hm., hg, je relativni hustota vzorku piva, hgg je relativni
hustota vzorku piva zbaveného alkoholu, h, je relativni hustota smé-
si voda-alkohol o stejné koncentraci alkoholu jako v plvodnim vzor-
ku piva a ADF je zdanlivy stupen prokvaseni v %.

U v&ech méreni se k vypoétim podle vzorcl (1) — (7) pouzily hod-
noty extraktu plvodni mladiny stanovené automatickym analyzato-
rem piva.

3 VYSLEDKY A DISKUSE

3.1 Vliv kvasnic a oxidu uhli¢itého na méreni refrakce

Hlavni nevyhodou, ktera brani pfimému vyuziti horizontalnich
refraktometrd v pivovarstvi bez pfedchozi Upravy vzorku, je citlivost
méfeni na plyny uvolfujici se z kapaliny a na sedimentujici neroz-
pusténé latky. Oba vlivy eliminuje refraktometr s vertikalnim uspora-
danim pavodné vyvinuty pro vyrobce dzusd s vysokym obsahem
duzniny, ktera sedimentaci naruSuje méfeni. Schéma vertikalniho
refraktometru uvadi obr. 1.

U horizontalniho a vertikalniho refraktometru se sledoval vliv oxidu
uhli¢itého a kvasnic v pivu na vysledek méfeni. Ovérovala se shoda
vysledkd se vzorky bez oxidu uhli¢itého a kvasnic a zména tdajl
pfistroje v Case po naplnéni refraktometru.

Oxid uhli€ity ani kvasnice nemély zasadni vliv na vysledek méfeni
refrakce vertikalnim refraktometrem, zatimco u horizontalniho refrak-
tometru nebylo mozné ziskat ustalenou hodnotu refrakce u vzorku
s vy88im obsahem CO, nebo kvasnic (tab. 1 a 2).

U horizontalniho refraktometru refrakce vzorkl s vy$$im obsahem
CO, neustéle kolisala v dlsledku vzniku a uvolfiovani bublin, refrak-
ce vzorkl s vy$Sim obsahem kvasnic rostla s jejich postupujici sedi-
mentaci. S vertikdInim refraktometrem se ziskaly stabilni hodnoty
refrakce (obr. 2a 3).

pled directly from fermentation vessels in the brewery. Beer with
controlled amount of yeast was prepared by mixing filtered degassed
beer with yeast suspension. Beer with controlled amount of CO, was
prepared by mixing degassed (2 g/l CO,) with standard (5 g/l CO,)
beer.

2.2 Analyzers

— Automated beer analyzer Alcolyzer Plus (Anton Paar, Austria)

— Horizontal digital refractometer with calculated compensation to
the temperature 20 °C and the accuracy of reading 0.1 % °Brix DR
301-95 (Kriiss Optonic, Germany)

—Vertical digital refractometer with temperature control by Peltier
heat pump and the accuracy of reading 0.05 °Brix Abbemat 300
Juice Station (Anton Paar, Austria).

Result ignore minor differences between units °Brix a % w/w.

2.3 Calculation

From measured refraction (°Brix) and original wort extract meas-
ured by automated beer analyzer was calculated the amount of alco-
hol and the real extract according to the previously published meth-
od, which uses formulas (1) and (2) (Savel et al., 2009). Apparent
extract was calculated from the specific gravity by formula (3)
(Basafova et al., 2010). Specific gravity was calculated from the
Tabarie formula (4) after the conversion of real extract and alcohol to
their specific gravities by formulas (5) and (6) (KoSin et al., 2008).
More practical expression by the apparent degree of fermentation
was calculated by formula (7) (Basarova et al., 2010).

A=0,67062 - P—0,66091 - R (1)
E,=1,27582 - R—0,29388 - P )
E, =—-460,234 + 662,649 - h;, — 0,202,414 - h 2 3)
he, = hep+ hy— 1 (4)
he,=7,7240 - 10°E,* — 6,8676 - 108E. + 1,1830 - 10°E,2+
+3,8786 - 10°E, + 1 (5)
h,=1,3687 - 108A% — 8,5754 - 107A% + 3,6456 - 1054, —
—1,9324 - 103A + 1 (6)
ADF = P;E" -100 )

where A is the alcohol in % w/w., Pis the original wort extract in %
w/w., Ris the refraction in °Brix, Eg is the real extract in % w/w, E, is

Obr. 1 Vertikalni refraktometr: 1 télo refraktometru, 2 refraktometric-
ky hranol, 3 nalevka vzorku s hadi¢kou, 4 pfepad do odpadu / Fig.
1 Vertical refractometer: 1 body of refractometer, 2 prism, 3 filler of
sample with tubing, 4 overflow to waste
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Tab. 1 Refrakce vzork( piva s riznym obsahem CO, méfena
horizontalnim a vertikalnim refraktometrem / Table 1 Refraction of
beer samples with diverse CO, content measured by horizontal and
vertical refractometer

Tab. 2 Refrakce vzorkU piva s riznym obsahem kvasnic méfena
horizontalnim a vertikalnim refraktometrem / Table 2 Refraction of
beer samples with diverse yeast content measured by horizontal
and vertical refractometer

Obsah CO, | Vertikalni refraktometr Horizontalni
v pivu/ CO, | / Vertical refractometer | refraktometr / Horizontal
in beer (g/l) (°Brix) refractometer (°Brix)
2.0 5.70 5.7
3.5 5.70 53-5.6
5.0 5.69 5.3-5.6
B —4— Horizontalni refraktometr / Horizontal refractometer
T —B— VertikaIni refraktometr / Vertical refractometer
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Doba méfeni (s) / Measuring time

Obr. 2 Casovy priibéh refrakce po naplnéni refraktometru vzorkem
piva s 5 g/l CO, / Fig. 2 Stability of refraction in time after filling the
refractometer by beer with 5 g/l CO,

—— Horizontalni refraktometr / Horizontal refractometer

—B- VertikaIni refraktometr / Vertical refractometer

Refrakce (°Brix) / Refraction

o 10 20 hi] a0 =0 &0 T L] 0 100
Doba méfeni (s) / Measuring time

Obr. 3 Casovy priibéh refrakce po naplnéni refraktometru vzorkem
vytfepaného piva s pfidavkem kvasnic o koncentraci 50.10° bunék/
ml / Fig. 3 Stability of refraction in time after filling the refractometer
by beer with 50.10° yeast cells/ml

3.2 Vyuziti refraktometru pro sledovani prabéhu kvaseni

Vzorky kvasici mladiny odebrané z rlznych kvasnych tankl se
bez filtrace a tfepani soubézné mérily horizontalnim a vertikalnim
refraktometrem. Stejné vzorky se po vytfepani a filtraci pfes kfemeli-
nu na papirovém filtru analyzovaly automatickym analyzatorem piva.
Hodnoty zdanlivého prokvaseni vypoctené z refrakce zmérené verti-
kalnim refraktometrem byly vyznamné blize referen¢ni analyze nez
hodnoty z refrakce zméfené horizontalnim refraktometrem (obr. 4
ab).

Po filtraci a vytfepani vzorkl kvasici mladiny vertikalni refraktome-
tr poskytoval stale stejné vysledky, ale zdanliva prokvaseni vypocte-
na z refrakce z horizontalniho refraktometru se vyznamné pfiblizila
referenénim hodnotam (obr. 6).

Pro vypocet alkoholu a skute¢ného extraktu se pouzily hodnoty
puvodni stupriovitosti vypoctené automatickym analyzatorem piva,
pfi bézném uziti by se pouzila refrakce vzorku zmérena pfed zakva-
Senim mladiny.

Spotfeba vzorku pro méreni vertikalnim refraktometrem (cca
50ml) je vy$Si nez u horizontélniho refraktometru (cca 1 ml), protoze
vertikalni refraktometr vyzaduje vét§i objem vzorku na proplach pred
mérenim. Doba mérfeni je pfiblizné 1 minuta na jeden vzorek.

Hlavni vyhodou vertikalniho refraktometru je odstranéni pracnosti
s Upravou vzorku a s tim souvisejici zkraceni doby analyzy. Pfesnost

Obsah kvasnic Vertikalni Horizontalni
v pivu (108 bunék/ refraktometr refraktometr
ml) / Yeast in beer / Veertical / Horizontal
(10° cellls/ml) refractometer (°Brix) | refractometer (°Brix)
0 5.70 5.7
25 5.69 52-7.0
50 5.69 52-7.0

the apparent extract in % w/w, hg, is the specific gravity of beer sam-
ple, heg is the specific gravity of beer sample after alcohol evapora-
tion and volume refill, h, is the specific gravity of water-alcohol mix-
ture of the same alcohol concentration as in original beer sample.
ADF is the apparent degree of fermentation in %.

Original wort gravity of all samples used in the calculations (1) —
(7) was measured by automated beer analyzer, but in practice can
be measured prior to the fermentation by refractometer.

3 RESULTS AND DISCUSSION

3.1 The influence of yeast and CO, on the refraction

The main disadvantage, which limits wider use of horizontal refrac-
tometers for fermentation monitoring without former sample prepara-
tion, is the sensitivity of measurement to the bubbles liberating from
the liquid and to the sedimentation of undissolved substances. Both
influences should be eliminated by the use of vertically orientated
refractometer, which was originally developed for producers of fruit
juices with high content of flesh. Scheme of vertical refractometer is
depicted in Fig. 1.

The influence of CO, and yeast in beer on the refraction was
measured by horizontal and vertical refractometer. The correspond-
ence of results for samples with and without CO, and yeast was
verified as well as the stability of refraction in time after the filling of
the refractometer.

CO, and yeast did not influence the results measured by vertical
refractometer, whereas it was almost impossible to get stabile results
with horizontal refractometer for samples with higher CO, or yeast
content (Table 1 and 2).

The refraction of samples with higher CO, measured by horizontal
refractometer was permanently fluctuating as a result of liberating
bubbles, refraction of samples with yeast was growing as yeast set-
tled in time. Vertical refractometer gave stabile results for both sam-
ples (Fig. 2and 3).

3.2 Use of refractometer for the monitoring of fermentation

Refractions of samples of fermenting wort sampled from different
fermentation vessels were measured without filtration and degassing
by horizontal and vertical refractometers. The same samples were
simultaneously analyzed by automated beer analyzer after labora-
tory filtration and degassing. Apparent degrees of fermentation cal-
culated from refraction measured by vertical refractometer were
much closer to the reference analysis compared to horizontal refrac-
tometer (Fig. 4 and 5).

Vertical refractometer gave sulfficiently accurate data for the calcu-
lation of apparent degree of fermentation even without filtration and
shaking of samples, whilst data from horizontal refractometer got
substantially improved only after laboratory filtration and degassing
of the samples (Fig. 6).

For the calculations of alcohol and real extract were used values of
original wort gravity from the automated beer analyzer, in practical
use of refractometer the original wort refraction before fermentation
would be measured.

The sample volume needed for vertical refractometer (50ml) is
higher compared to the horizontal refractometer (1 ml), because
higher volume of sample is needed for the flushing of the measure-
ment chamber. The duration of measurement of 1 sample is approx-
imately 1 minute.

The main advantage of vertical refractometer is the elimination of
laborious sample preparation and related shortening of time needed
for analysis. The accuracy of tested vertical refractometer is also im-
proved by temperature compensation of the prism. To the contrary
such vertical refractometer is substantially more expensive com-
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Obr. 4 Regresni zavislost zdanlivého prokvaseni vypoc¢tena z refrak-
ce zmérené vertikalnim refraktometrem (bez Upravy vzorku) na zdan-
livém prokvaseni zjisténém automatickym analyzatorem / Fig. 4 Re-
gression dependence of the apparent degree of fermentation (ADF)
by vertical refractometer (without sample preparation) on the ADF
measured by automated beer analyzer

zkouseného vertikalniho refraktometru také zvySuje temperovani
hranolu Peltierovym ¢lankem. Naproti tomu je vertikalni refraktometr
ve srovnani s horizontalnim pfistrojem drazsi a jeho vyuziti ma vy-
znam u velkych pivovarli, které vyzaduji Castéj$i méreni stupné
prokvaseni velkého poctu vzorka.

4 ZAVER

Vertikalné usporadany refraktometr je vhodny pro provozni kontro-
lu pribéhu kvaseni ve velkém poctu kvasnych nadob. Kvasici pivo
se mlze méfit bez vytfepavani a filtrace, coz sniZzuje dobu rozboru
na 1 min/vzorek a nevyzaduje dalSi zafizeni. Pfesnost méfeni dale
zvySuje temperace vzorku Peltierovym &lankem.
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Obr. 5 Regresni zavislost zdanlivého prokvaseni vypoc¢tena z refrak-
ce zméfené horizontalnim refraktometrem (bez Upravy vzorku)
na zdanlivém prokvaseni zjisténém automatickym analyzatorem /
Fig. 5 Regression dependence of the apparent degree of fermenta-
tion (ADF) by horizontal refractometer (without sample preparation)
on the ADF measured by automated beer analyzer
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Obr. 6 Regresni zavislost zdanlivého prokvaseni vypocétena z refrak-
ce zmeéfené horizontalnim refraktometrem (po filtraci a vytfepani
vzorku) na zdanlivém prokva$eni automatickym analyzatorem / Fig.
6 Regression dependence of the apparent degree of fermentation
(ADF) by horizontal refractometer (sample filtration and degasing) on
the ADF measured by automated beer analyzer

pared to simple horizontal refractometer and so its use is relevant
only to bigger breweries, which need more frequent measurement of
higher amount of samples.

4 CONCLUSION

Vertical refractometer is suitable for the control of main fermenta-
tion in a brewery with higher amount of fermentation vessels. Fer-
menting beer can be measured without laboratory filtration and shak-
ing, which decreases the duration of analysis to around 1 minute per
sample. The accuracy of measurement is sufficient, also due to the
temperature control by Peltier heat pump.



