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Obsah oxidu uhli¢itého v pivu ma velky vyznam z hlediska jeho senzorickych vlastnosti, a proto je méfeni jeho obsahu velmi dllezitym
kritériem, jak posoudit kvalitu piva. Pro stanoveni obsahu oxidu uhli¢itého v pivu se pouziva fada metod, které se liSi jak v principu mé-
feni, tak i z hlediska pfesnosti, pracnosti, asové naro€nosti a v neposledni fadé i ve finanénich narocich na pofizeni a provoz potfebné
instrumentace. Tato prace je zamérena na srovnani vysledk(l, pfesnosti a pracnosti tfi rliznych metod stanoveni obsahu oxidu uhli¢itého
v pivu, jejichz principem je méfeni tlaku, objemové expanze a tepelné vodivosti. Zjisténé rozdily mezi jednotlivymi metodami Ize pravdé-
podobné pfipsat kombinaci rlizného principu méfeni a variability sloZzeni riznych piv, napf. obsahu ostatnich rozpusténych plyna.

OlSovska, J. — Stérba, K. — Cejka, P.: Comparison of carbon dioxide determination measured by different methods. Kvasny Prum.
59, 2013, No. 3, s. 63-68.

The carbon dioxide content in beer is of great importance in terms of its sensory properties and its measurements provide an impor-
tant criterion for assessing the quality of beer. The wide range of methods currently used for carbon dioxide determination differ in the
principles of measurement as well as in reproducibility, laboriousness, time requirements and also in acquisition and operation costs
of the requisite instrumentation. This article compares the results, accuracy, and laboriousness of three methods for determination of
carbon dioxide in beer based on the measurement of pressure, volume expansion and thermal conductivity. The differences that were
found between the individual methods can be probably ascribed to a combination of different measurement principles and variability of
the composition of different beers including the content of other dissolved gases.

Olsovska, J. — Stérba, K. — Ceika, P.: Der Vergleich von verschiedenen Methoden der Kohlendioxidbestimmung im Bier. Kvasny
Prum. 59, 2013, Nr. 3, S. 63-68.

Im Hinblick auf die sensorische Eigenschaften des Bieres spielt eine groBe Rolle seiner Gehalt an Kohlendioxid, darum stellt die
Messung dieses Gehalts ein sehr wichtiges Kriterium dar, die Qualitat des Bieres zu beurteilen. Zur Messung des Kohlendioxidgehalts
gibt es viele Methoden, die im Prinzip, in der Genauigkeit, im Arbeits- und im Zeitaufwand, in den finanziellen Ansprichen auf Einkauf
und auf Betrieb sich unterscheiden. Der Artikel befat sich mit dem Vergleich der Ergebnisse, des Zeit- und Arbeitsaufwands von den 3
verschiedenen Methoden zur Bestimmung des Gehalts an Kohlendioxid im Bier, deren Prinzip die Druckmessung, die Volumenexpansi-
on und Wéarmeleitfahigkeit ist. Die festgestellten Unterschiede unter den einzelnen angewandten Methoden kénnen wahrscheinlich der
Kombination vom unterschiedlichen Messungsprinzipen und der Variabilitat der Bierzusammensetzung, zum Beispiel auf den Gehalt an

anderen geldsten Gasen im Bier zugeschrieben werden.

Kli€ova slova: oxid uhlicity, pivo, méfeni tlaku, objemova expanze,
tepelnad vodivost, hrdlovy prostor, rozpusténé plyny v pivu

1 UVOD

Obsah oxidu uhli¢itého patfi mezi dilezité ukazatele kvality piva.
Bublinky oxidu uhli¢itého (CO,) zplsobuiji v Ustech Stiplavy pocit, kte-
ry je v pivovarské terminologii ozna¢ovan jako tzv. ,fiz“. Tento jev
spociva zejména v plsobeni CO, na trojklany nerv. Pfitomné bublin-
ky aktivuji tzv. mechanoreceptory (burky citlivé na mechanické po-
drazdéni) a pomoci konverze na kyselinu uhli¢itou aktivuji receptory
bolesti (Dessirier, 2000). Bylo prokazano, Ze obsah CO, ovliviiuje
chut piva, napf. horkost a sladkost (Clark, 2011).

Ke stanoveni obsahu CO, se vyuziva Siroka Skala metod. Ty se
lisi v pfesnosti, reprodukovatelnosti, pracnosti, jsou rdizné naro¢né
na ¢as a v neposledni fadé kladou r(izné finanéni naroky na provoz
a pofizeni potfebné instrumentace. Jedna se jak o metody chemic-
ke, napf. desorpce CO, varem, zachyceni v roztoku hydroxidu bar-
natého a nasledna titrace, tak i metody fyzikalni, zalozené na méreni
tlaku a teploty, tepelné vodivosti nebo IR spekter (Basarova, 1999;
ASBC, 2009).

Cilem tohoto &lanku je porovnat mezi sebou vysledky stanoveni
CO, v pivu ziskané fyzikalnimi metodami, které jsou zaloZeny na
odliSném principu méfeni a jsou v sou¢asné dobé nejvice rozSifeny
v pivovarskych laboratofich. Tyto metody Ize obecné rozdélit na ma-
nometrické, expanzni a vodivostni.

Manometrické metody jsou zalozeny na principu Henryho zakona,
podle néhoz je koncentrace rozpusténého plynu v kapaliné pfimo
Umeérna jeho parcialnimu tlaku nad hladinou. Po uvolnéni CO, z piva
vytfepanim nebo ultrazvukem se jeho obsah stanovi z tlaku v lah-
vi. Vzhledem k tomu, Ze tlak v 1dhvi nevytvafi pouze oxid uhli€ity,
ale v mens$i mife také vzduch (resp. dusik), je tfeba na tuto skutec-
nost vzit ohled a provést korekci. Ta se provede odectenim obsahu
vzduchu v hrdlovém prostoru (po prlichodu plynd roztokem louhu)

Keywords: carbon dioxide, beer, pressure measurement, volume
expansion, thermal conductivity, bottleneck space, dissolved gases in beer

1 INTRODUCTION

The amount of carbon dioxide is one of most important indicators
of beer quality. The bubbles of carbon dioxide (CO,) elicit a tingly re-
sponse called beer bite or sharpness. This phenomenon is based on
the action of CO, on oral trigeminal receptors. The bubbles activate
so-called mechanoreceptors (cells sensitive to mechanical irritation)
and by conversion of CO, to carbonic acid activate nociceptors (Des-
sirier, 2000). It was shown that the amount of CO, influences the
taste of beer, e.g. sweetness or bitterness (Clark, 2011).

A wide range of methods is used for determining the CO, con-
tent. They differ in accuracy, reproducibility, laboriousness, time
consumption and they have different operating costs and acquisition
price. The methods are based both on chemical (e.g. desorption of
CO, by boiling, capturing in solution of barium hydroxide with follow-
ing titration) and physical principles such as measuring pressure and
temperature, thermal conductivity or IR spectrum (Basarova, 1999;
ASBC, 2009).

The aim of this work is to compare the determination of CO, con-
tent by physical methods with the different principles of measure-
ment that are currently most widespread in brewery laboratories.
These methods can be divided into those based on pressure meas-
urement, volume expansion or conductivity measurement.

Determination of CO, content by pressure measurement is based
on the principles of Henry’s law, which says that the amount of a gas
dissolved in a liquid is directly proportional to the partial pressure of
the gas above the liquid. After release of CO, from beer by shak-
ing or ultrasonic bath, its content is determined from the pressure in
the bottle. Because of the presence of other gases in the bottle and
their influence on the pressure (air, nitrogen) it is desirable to make
a correction for them. This is done by calculation from the amount of
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Tab. 1 Zakladni parametry pouzitych pfistroju / Basic parameters of used instruments

air in the bottleneck space after passing of
gases through the alkali solution and from

Pristroj / Instrument Rozsah méfeni (g//)* Opakovatelnost* the volume of bottleneck space. An impor-

Measuring range (g/1)* Repeatability* tant step in thgse methods is to keep the

samples at a given temperature (usually 20

Haffmans Inpack 2000 CO, 2.5-9.99 0191 or 25 °C). This manometric principle is used

CarboQC 0-12 +0.01 g// for instance by instruments from Haffmans
i _ o or Zahm & Nagel.

gr:g;;f:re ;gzPsackage 0.02-10 1% Volume expansion methods for the deter-

* udaje poskytnuté vyrobcem / parameters given by a producer

a zjisténim objemu hrdlového prostoru nad hladinou piva v lahvi
nebo plechovce. Pro danou metodu je dllezité, aby byl vzorek piva
vytemperovan na spravnou teplotu (obvykle 20 nebo 25 °C). Mano-
metrickou metodu stanoveni vyuzivaji napf. pfistroje od firmy Haff-
mans nebo Zahm & Nagel.

Expanzni metody stanoveni obsahu CO, vyuzivaji techniky mul-
tindsobné objemové expanze, ktera umoznuje eliminovat vliv ostat-
nich rozpusténych plynd na vlastni stanoveni. V nasledném vypoctu
se vyuziva platnosti Henryho a Daltonova zakona. Tuto metodu po-
uziva napf. analyzator CarboQC firmy Anton Paar.

Vodivostni metody jsou zaloZeny na principu méfeni tepelné vodi-
vosti plyn(. Méfici ¢idlo je umisténo pod difizni membranou umoz-
fujici prostup plynt a méfi rozdil teplotnich vodivosti referenéniho
a méfeného plynu. Naméfené udaje jsou pak na zakladé kalibrace
pfepoéteny na koncentraci CO,. Mé&fenim tepelné vodivosti plynii
stanovuji obsah CO, napf. pfistroje Corning nebo Orbisphere.

2 EXPERIMENTALNI CAST

2.1 Pouzité pfistroje, pracovni postup méreni

1. CarboQC (Anton Paar) je digitalni automaticky pfistroj, ktery méfi
absolutni tlak, teplotu a parcialni tlaky po 10 % a 30 % expanzi mé-
fici komory. Po vloZeni lahve/plechovky a jejiho zajisténi v prosto-
ru pro meéfeni CO, obsluha prorazi korunku/vicko a sepne tlaCitko
Start. DalSi postup v¢etné odecteni vysledku je fizen zcela automa-
ticky. Délka méfeni je asi 2 min. Pro velké provozy je pfistroj vyba-
ven automatickym davkovac¢em pro vSechny typy lahvi a plechovek
s 18 pozicemi. Vzorky nemusi byt pfedem temperovany, pfistroj
automaticky provadi korekci na teplotu. Kromé informace o koncen-
traci CO, Ize timto postupem ziskat Udaj
o celkovém obsahu vzduchu (ppm).

2. Haffmans Inpack 2000 CO, je manualni
pfistroj vybaveny digitalnim tlakomérem.

mination of CO, content are using multiple
volume expansion and therefore are able to
eliminate the influence of other gases during
the determination. The subsequent calcula-
tion uses Henry’s and Dalton’s law. This method of measurement is
used by, e.g., CarboQC analyzer from Anton Paar.

Another possibility of CO, determination is the measurement of
the thermal conductivity of gases. The measuring sensor is placed
behind a diffusion membrane, which permits the transport of gases,
and is measuring the difference in the thermal conductivities of refer-
ence and measured gas. The measured values are then converted
to the content of CO, by calibration. Thermal conductivity is used by
instruments from, e.g., Corning or Orbisphere.

2 MATERIAL AND METHODS

2.1 Instruments used for measurement of CO,

1. CarboQC (Anton Paar) is a digital automatic instrument. It meas-
ures absolute pressure, temperature and partial pressures after
10 % and 30 % expansion of the measuring cell. After the insertion
of a bottle or can and its fixing in the measuring position the opera-
tor pierces the cap and presses the ,Start“button. The rest of the
measurement is fully automatic and lasts approximately 2 minutes
per sample. The instrument can be equipped with an automatic
filling device for all types of bottles and cans with a feeder for 18
positions for use in large productions. The instrument doesn’t need
sample temperature control, the correction for temperature is per-
formed automatically. In addition to the amount of CO, it also de-
termines the total content of air (ppm).

2. Haffmans Inpack 2000 CO, is a manual instrument with digital ma-
nometer. The sample of beer must be kept at 20 or 25 °C. Glass
bottle, PET bottle or can is placed in ultrasonic bath and the cap

Tab. 2 Srovnani dvou vzorkl piv mérenych rliznymi metodami v riiznych pivovarech /
Comparison of the CO, concentration measured by different methods in various breweries

Vzorek piva musi byt vytemperovan na Podnik / Typ pristroje / Vzorek A/ RSD Vzorek B/ RSD
20 nebo 25 °Q. !.éhev, plechovka,éi PET Company Instrument Sample A (g/)* | (%) | Sample B (g/)* | (%)
lahev se umisti do_ultrazvukove lazné i qyar ¢/ Haffmans 5.03 0.64 5.06 2.40
a pomoci paky se propichne korunkovy Brewery C
v. Ll . y
Ci plastovy uzavér. Pomoci ultrazvuku se -
uvolni CO, a zméfi tlak na manometru. | Pivovar D/ 5.09 0.45 5.22 1.20
Po dosazeni maximalni hodnoty tlaku se | Brewery D
ply?ykopart]mdé pydstl’ dg ?Kretif napinéné  |VUPS/RIBM 4.93 1.17 5.13 2.98
roztokem hydroxidu sodného, kam se sor- —
buje CO,. Z naméfeného tlaku, objemu :;:;;er/ 5.02 1.51 514 241
vzduchu na stupnici byrety a zjiSténého
hrdlového prostoru se vypoéita kone¢na | Pivovar E/ CarboQC 4.54 0.79 4.71 0.21
koncentrace CO,. Cely postup vcetné vy- Brewery E
poc¢tu je manualni, délka celého postupu Pivovar A / 4.53 1.07 4.77 1.21
pro vzorek je asi 10 min. Brewery A

3. Orbisphere Package analyzer 3625 je -
automaticky pfistroj s pocitacovym vy- | PivovarB/ 4.50 0.00 4.63 2.49
stupem. Méfeni je zalozeno na sledovani Brewery B
tepelné vodivosti plynli pomoci selektivni- Primér/ 4.52 0.86 4.70 1.85
ho senzoru. Vzorek piva v uzaviené lahvi/ Mean
plechovce se rucné 3 min protfepea3min [ pjyovar A/ | Orbisphere senzor / 4.20 0.00 4.40 0.00
necha stat, aby opadla péna. Poté se uza- Brewery A Orbisphere sensor
vieny obal s pivem vlozi do drzéku pfistro- -
je, propichne se zétka a pfistroj zméfi tlak | Pivovar B/ 4.55 1.55 4.77 1.21
v hrdlovém prostoru. Potom se do vzor- | Brewery B
ku pod hladinu zasune jehla a vzorek se Pramér / 4.38 4.46 4.58 4.25
automaticky za¢ne pumpovat do systému Mean
senzoru. Ostatni méfeni probihaji auto-  [piyovar A/ | Orbisphere vypocet / 5.03 1.15 5.07 1.14
maticky. Kromé stanoveni CO, je pfistroj Brewery A Orbisphere calculation

schopen ur€it i obsah N, (pfi pouziti CO,
jako nosného plynu) a O,. Vlastni méfeni
jednoho vzorku trva zhruba 3 min.

* koncentrace CO, v tabulce jsou primérné hodnoty ze tfi méfeni / CO, concentrations in
table are means from three measurements
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Tento pfistroj umoziuje také méfeni bez senzoru, kdy je obsah
CO, vypocitan z hodnoty tlaku, jako je tomu u manometrickych me-
tod.

V tab. 1 jsou uvedeny zakladni parametry srovnavanych pfistrojd,
rozsah a opakovatelnost méfeni. Rozsah spolehlivé pokryva a pre-
sahuje bézné koncentrace CO,. Deklarovana opakovatelnost se lisi
mezi srovnavanymi pfistroji zhruba v rozsahu jednoho fadu.

2.2 Popis experimentd

Pokus A: V prvni ¢asti experimentu byly srovnavany vysledky me-
feni CO, ze dvou béznych komerénich vzorkd lahvovych piv (svétly
leZak). Tyto vzorky byly analyzovany na obsah CO, v péti pivovarech
a v laboratofi VUPS, a.s. v Praze, celkem na 9 pfistrojich zahrnuji-
cich popsane pfistroje CarboQC, Haffmans Inpack 2000 CO, a Or-
bisphere Package analyzer 3625. Kazdy vzorek byl zméfen tfikrat,
byly vypoéteny relativni smérodatné odchylky (RSD %) pro jednotli-
va méfeni a pro jednotlivé pouzité pfistroje.

Pokus B: V druhé ¢asti experimentu byly vSechny vzorky méfeny
jednim pracovnikem VUPS na pfistroji Haffmans (instrument VUPS)
CarboQC (zapujceny do VUPS firmou Anton Paar) a Orbisphere
(v technickych kancelafich firmy Denwell s.r.0.). U Sesti komerénich
vzorki lahvovych piv byl zméfen obsah CO, na pfistrojich uvede-
nych v tab. 1. Podle informace vyrobcl byly vSechny vzorky staceny
v atmosféfe CO,, u vzorkl 1 a 3 s pfidavkem dusiku.

Pokus C: Treti ¢ast pokusu byla zaméfena na podrobné&jsi srov-
nani shodnych pfistroji CarboQC na dvou pracovistich (VUPS
a zucastnény pivovar) a na srovnani dvou pfistroju (Haffmans
a CarboQC) na jednom pracovisti (VUPS) pii zajisténi identickych
podminek méfeni (misto, ¢as, teplota, tlak, operator). K tomuto po-
kusu byly pouzity tfi komeréni vzorky lahvovych piv (piva 7 a 8 svétlé
vycepni, pivo 9 svétly lezak), méfeni bylo provedeno trojmo.

Mezilaboratorni testy BAPS: Zavéry z pokuslt A, B a C byly v
této préaci pouzity ke srovnani popsanych metodik s vysledky BAPS
(Brewing Analytes Proficiency Scheme), kterych se Analyticka labo-
ratof Pivovarského Ustavu v Praze pravidelné u¢astni v mésicnich
intervalech. Tyto testy jsou organizovany spolec¢nostmi LGC Stan-
dards a Campden BRI Brewing Division. Systém je zalozen na zasi-
lani komerénich vzorkud piva v plechovce Ucastnikiim testu, kterych
je v soucasné dobé pres 200, a ziskané vysledky jsou organizatory
statisticky vyhodnocovany. Souéasti téchto testl je i méfeni obsahu
CO, v pivu.

3 VYSLEDKY A DISKUZE

3.1 Pokus A

Vysledky ziskané z jednotlivych pivovari jsou srovnany podle typu
meéficich pfistroji a uvedeny v tab. 2 (jsou uvedeny pouze prdmeéry
ze tfi méfeni). Je patrné, Ze manometrické metody zaloZzené na vy-
poc¢tu obsahu oxidu uhli¢itého z naméfeného tlaku poskytuji srov-
natelné vysledky (Haffmans, Orbisphere-vypocet), zatimco pfistroje
zalozené na jinych principech méfeni poskytly niz&i hodnoty obsahll
phere.

Statistickym hodnocenim téchto dat pomoci analyzy rozptylu bylo
prokazano, Ze rozdily mezi priméry obsahi CO, zjisténych jak u pfi-
stroj Haffmans, tak i CarboQC jsou statisticky nevyznamné, coz
znamena, ze tyto pfistroje poskytuji i na rliznych pracovistich srov-
natelné vysledky (v rdmci statistické chyby). Nejmensi smérodatna
odchylka byla naméfena pro pfistroje CarboQC, coz odpovida opa-
kovatelnosti udavané vyrobcem.

3.2 Pokus B

Pokus B byl proveden se zamérem potvrdit nebo vylouéit hypo-
tézu, Ze za odliSné Udaje poskytnuté manometrickymi metodami
miZze vy$S$i obsah ostatnich rozpusténych plynt (napf. dusik). Proto
byla do experimentu pfidana dveé piva (Pivo 1 a 3), u kterych bylo
deklarovano staceni pod dusikovou atmosférou. Obsah ostatnich
plynl v Pivech 1-6 byl proméfen jak pomoci pfistroje CarboQC,
tak pomoci pfistroje Haffmans. Ovéfeni spravnosti méfeni obsa-
hu ostatnich rozpusténych plyn( vyplyva z obr. 1, ktery znazorriu-
je korelaci mezi obsahem rozpusténych plyn (mg/l) namérenych
pfistrojem CarboQC a vzduchu v hrdlovém prostoru (ml) pomoci
pfistroje Haffmans (za predpokladu, ze mezi plyny rozpusténymi
v pivu a jejich obsahem v hrdlovém prostoru existuje rovnovaha).
Vysledny korelaéni koeficient r = 0,994 svéd¢i o tom, ze udaj, kte-
ry je naméren pfistrojem Haffmans pro korekci vysledku na obsah
vzduchu v hrdlovém prostoru, odpovida obsahu rozpusténych ply-

is pierced with a lever. The CO, is released and the pressure is
measured with the manometer. After reaching the maximal pres-
sure value the gases are released into a glass burette filled with
NaOH solution which absorbs the CO, and the volume of the air
is obtained. The amount of CO, is calculated from the pressure,
volume of the air and bottleneck space. The whole measurement
is manual and lasts approximately 10 minutes per sample.

3. Orbisphere Package analyzer 3625 is an automatic instrument
with computer output. The measurement is based on monitoring
the thermal conductivity of gases with a selective sensor. The
sample of beer in a closed bottle or can is manually shaken for 3
minutes and then left to stay for 3 minutes to let the foam subside.
The sample is then inserted into a holder, the cap is pierced and
the instrument measures the pressure in the bottleneck space.
After this a needle is inserted into the sample and the instru-
ment automatically starts to fill the measuring system. The rest
of measurement is automatic. Apart from the measurement of
the CO, content it is possible to measure the content of nitrogen
(with CO, as carrier gas) and oxygen content. The measurement
lasts approximately for 3 minutes per sample. This instrument
can also determine the CO, content by pressure measurement.
Tab. 1 lists the basic parameters of the above instruments, their

range and repeatability. The range satisfactorily covers and exceeds

the common concentrations of CO, in beer. The repeatability differ-
ence between the instruments is within a one-order range.

2.2 Description of experiments

Experiment A: Two samples of commercial beers (pale lagers)
in glass bottles were analyzed for the content of CO, in 5 brewer-
ies and at the Research Institute of Brewing and Malting on a total
of nine instruments including CarboQC, Haffmans Inpack 2000
CO, and Orbisphere Package analyzer 3625. Every sample was
measured three times and relative standard deviation (RSD %)
was calculated for every measurement and for every type of in-
strument.

Experiment B: Six samples of commercial beers were measured
by one employee of the Research Institute of Brewing and Malting on
the instruments Haffmans (Research Institute of Brewing and Malt-
ing), CarboQC (lent to the Research Institute of Brewing and Malting
by Anton Paar) and Orbisphere (technical office of Denwel Ltd.). The
parameters of the instruments are listed in Tab. 1. Samples 1 and 3
were filled in an atmosphere of CO, with an admixture of nitrogen,
the other samples in CO, atmosphere.

Experiment C: Three samples of commercial beers (7, 8 — pale
beers, 9 — pale lager) in glass bottles were analyzed in two CarboQC
instruments in different laboratories (Research Institute of Brewing
and Malting and a participating brewery) for their closer comparison
and in a Haffmans instrument (Research Institute of Brewing and
Malting) for comparison with CarboQC under the same conditions
(place, time, temperature, pressure, operator). Every measurement
was performed three times.

BAPS international laboratory tests: The conclusions from
experiments A, B and C were compared with the results of BAPS
(Brewing Analytes Proficiency Scheme) administered by Campden
BRI Brewing Division and LGC Standards. The Research Institute of
Brewing and Malting participates in this scheme every month. The
system is based on the monthly analysis of different commercially
available can beers by over two hundred participants and the statistic
evaluation of the results by the organizers. A part of these tests is the
determination of the CO, content.

3 RESULTS AND DISCUSSION

3.1 Experiment A

The results from breweries are sorted by the type of measuring
instrument and listed in Tab. 2 (only means of three measurements
are shown). It is evident that the methods based on pressure meas-
urement provide similar results (Haffmans, Orbisphere-calculation),
while the other instruments give lesser amount of CO,. Lower results
were obtained by Orbisphere.

The statistic evaluation with analysis of variance proved that the
differences between means of the CO, content obtained from Haf-
fmans or CarboQC instruments are statistically insignificant, i.e.
these instruments provide the same results in different laborato-
ries (within the statistical error). The lowest RSD was calculated for
CarboQC, which is in agreement with the repeatability given by the
manufacturer.
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nu ziskanému pomoci pfistroje CarboQC.
Rozpor mezi informaci, ze pivo 3 bylo sto-
¢eno pod pfidavkem dusiku a zjisténim jeho

naméfené témér nulové hodnoty (obéma
pfistroji), Ize vysvétlit zpisobem staceni to-

hoto piva (vypé&nénim piva pfed uzavienim e | 1

lahve). Naopak u piva 6 byl naméfen vyssi
obsah ostatnich plynd.

Vysledky méfeni obsahu CO, jsou zna-
pfipadech byly naméFfeny pomoci pfistroje
CarboQC. Tento pfistroj poskytl u Piva 1,
2, 3 a 5 vysledky s nejlepsi opakovatelnos-
ti. Pfistrojem Orbisphere bylo dosazeno
nejlepsi opakovatelnosti u Piva 4 a 6. Pfi
srovnani manometrickych metod byl pouze
u Piva 3 a 4 zjistén vétsi rozdil nez 0,1 g/l.

V ramci tohoto pokusu se podafilo proka-
zat i urCitou souvislost mezi zvySenym obsa-

Vzduch v hrdle (ml) - Haffmans
Airin bottlanack space
o

Phao 1/
Baer 4

#Fivo 3/ Boar 3

Piwa 1/ Deer 1

Cys1Em 1B~
r=0934

Piva &
Beerh

Piva? al Reer 2 and 5 e

hem dusiku (ostatnich plynd) a vyraznéjSimi ]

odchylkami mezi vysledky naméfeného CO, 1
riznymi typy pfistroji. Z obr. 2 je patrné, ze
nejvétsi rozdily ve vysledcich mezi mano-
metrickymi metodami a expanzni metodou

1 2 3 i o 1]

Rezpuiténé plyny Mgl - Carba / Dissalved gases

byly zjistény u piv 1 a 6, kde byly nalezeny
nejvyssi obsahy dalSich plynd (obr. 1) na
rozdil od ostatnich piv, kde byl obsah ostat-
nich plynud nizsi.

Obr. 1 Korelace obsahu rozpusténych plynt (mg/l) a vzduchu v hrdlovém prostoru (ml) /
Fig. 1 Correlation between the amount of other dissolved gases (mg/l) and the volume of the
air (ml) in the bottleneck space

6,5

3.3 Pokus C

Podobné jako v pokusu A, byly pomoci
pfistroju CarboQC ziskany srovnatelné vy-
sledky (obr. 3) a smérodatné odchylky mére-

—

ni byly malé. Oproti tomu vysledky z pfistro- 6,0
je Haffmans jsou vyssi a jejich smérodatna

odchylka je rovnéz vétsi.

3.4 Mezilaboratorni testy BAPS
55

Pro srovnani sledovanych metod jsou
v této praci uvedeny vysledky z nékolika
meésicnich testl, srovnani je provedeno pro
konkrétni méfici pfistroje, resp. pro metody
zaloZené na rlzném principu méfeni.

Vysledky z roku 2011 uvedené v tab. 3
odliSené podle pouzitych pfistroj ukazuji,
ze vysledky namérfené rliznymi metodami
jsou srovnatelné, nejvétsi rozdily jsou v tes-
tu IX/11.

5,0 +

Oxid uhli¢ity / Carbon dioxide (g/l)

O Orbisphere

% o CarboQC

I Haffmans

@ Orbisphere
vypocet /
calculation

Pfi grafickém porovnani vysledkd z roku 45
2012 odliSenych podle principu pouzitych &

. ¥ LN o
metod na obr. 4 je opét patrné, ze s vyjimkou RN q

testu V/12 jsou uvedené hodnoty srovnatel- &° &
né. Nejmensi rozpéti naméfenych hodnot

X X X X
Q) o Q)

o
) )
\Q’ \ & \@z
> J ©

Vzorek / Sample

bylo zjisténo pro expanzni metody, pficemz
pro kazdou kategorii byl pocet u€astnikli ve
vSech pfipadech vyssi nez 20.

Oproti pokustim A, B a C je v ramci testu
patrnd vyrazné vétsi shoda mezi metodami zaloZzenymi na rdzném
principu. Tento rozdil mGze byt zplsoben rozdilnymi typy piv pou-
zitych v testu, zarover v dostupnych parametrech testovanych piv
neni uveden Udaj o mnozstvi ostatnich rozpusténych plyna.

4 ZAVER

Z vysledka této srovnavaci studie nelze vyvodit jednoznaény za-
vér o tom, kterd metoda poskytuje nejspravnéjsi méreni. Na zakladé
uvedenych informaci a vysledkd méreni si v8ak |ze udélat predstavu,
ktera metoda uzivateli po specifikaci pozadovanych kritérii vice vy-
hovuje. Je patrné, Ze srovnavané pfistroje se liSi v pfesnosti, opako-
vatelnosti, pracnosti, méfeni na nich je rzné ¢asové naro¢né a kla-
dou rGizné finanéni naroky na jejich pofizeni a provoz. Pfi srovnani
pristrojil pouzivajicich metody zalozené na objemové expanzi (napf.
CarboQC) a pfistroji zaloZzenych na méfeni objemu a tlaku vzorku
(napf. Haffmans) byl zjistén nizsi rozptyl vysledki pro pfistroje zalo-
zené na objemové expanzi. Pro nékteré vzorky byl manometrickymi
metodami naméfen vys&i obsah CO,, coZ mdZe byt zpisobeno roz-

Obr. 2 Stanoveni CO, v pivu. Srovnani ¢tyf riiznych metod na Sesti vzorcich piv / Fig. 2 De-
termination of CO, in beer. Comparison of four different methods on six beer samples

3.2 Experiment B

This experiment was performed to confirm or disprove the hypoth-
esis that the different results given by pressure measurement can
be caused by a higher content of other dissolved gases (e.g. nitro-
gen). For this reason beers 1 and 3 filled in the atmosphere with
nitrogen were added to the experiment. The amounts of other gases
were measured by both CarboQC and Haffmans. The verification of
the correctness of the measurement is apparent from Fig. 1, which
shows the correlation between the amount of other dissolved gases
(mg/l) determined by CarboQC and the volume of the air (ml) in the
bottleneck space measured by Haffmans (assuming there is equili-
brum between dissolved gases and their amount in the bottleneck
space). The correlation coefficient r = 0.994 confirms that the value
used for the correction of the amount of the air corresponds with the
amount of dissolved gases obtained by CarboQC. The difference
between the information about nitrogen atmosphere at filling beer 3
and measured zero results of dissolved gases can be explained by
the filling method (gushing of the beer before closing the bottle). On
the other hand, a higher amount of dissolved gases was found for
beer 6.
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The results of the CO, content determina-
tion are shown in Fig. 2. The lowest results
for all samples were obtained by CarboQC.
The best repeatability for samples 1, 2, 3
and 5 was found by CarboQC, for samples
4 and 6 by Orbisphere. For the methods
based on pressure measurement, a differ-
ence bigger than 0.1 g/l was found only for
beers 3 and 4.

This experiment proved a certain rela-
tion between a higher content of nitrogen
(i.e. other gases) and higher differences
between different methods of measurement.
From Fig. 2 it is evident that greater differ-
ences between methods based on volume
expansion and those based on pressure
measurement as well as higher contents
of other gases were found for beers 1 and
6, while in the other samples the content of
other gases was lower.

0 CarboQC 1
o CarboQC 2
@ Haffmans

Pivo 7 / Beer 7 Pivo 8 / Beer 8 Pivo 9/ Beer 9

Vzorek / Sample

3.3 Experiment C
Similar to experiment A the CarboQC
instruments provided comparable results

Obr. 3 Stanoveni CO, v pivu. Srovnani pfistroji CarboQC a Haffmans na tfech vzorcich piv
/ Fig. 3 Determination of CO, in beer. Comparison of CarboQC and Haffmans instruments on

three beer samples

(Fig. 3) and the RSD were low. The Haf-
fmans instruments showed higher results
and bigger RSD.

6,50 -

O Expanzni/ Volume

@ Ostatni / Others

3.4 BAPS international laboratory tests
The results from several monthly tests are

expansion . .
- pansio o listed in order to compare the methods un-
T || @Manometrické / Pressure der investigation. The comparison is shown
6,00 measurement

for particular instruments and for methods
based on different measurement principles.
The data from 2011 listed in Tab. 3 and

—
—

IT

5,00 -

4,50 -

Oxid uhli¢ity / Carbon dioxide (g/l)
g
—
'—'—_‘
_‘
—
]
[

4,00

V12 12 12 V12 V12

Mésic / Month

differentiated according to particular instru-
ments show that the obtained results are
comparable, the biggest differences being
found in test IX/11.

The graphical comparison of the results
from 2012 differentiated according to the
methods of measurement (Fig. 4) shows
that, except for test V/12, the results are
comparable. The lowest range was found
for the methods based on volume expansion
and the number of the participants for every
measurement was over twenty.

In contrast to experiments A, B and C, the
results of the test evince better accordance

Obr. 4 Porovnani vysledkl mezilaboratornich testll BAPS pro r(izné metody stanoveni oxidu
uhli¢itého. Namérené vysledky jsou uvedeny ve formé medianu po vylou€eni odlehlych vysled-
ka. Chybové Usecky znazorfiuji nejvyssi a nejnizsi namérenou hodnotu po vylouceni odlehlych
vysledku / Fig. 4 Comparison of BAPS international laboratory tests results obtained by diffe-
rent methods of CO, determination. Results are shown as a median after exclusion of outlying

between methods based on different princi-
ples of measurement. This difference can
be caused by different types of beer used in
experiments; also, the available parameters
of tested beers contain no information about
other dissolved gases.

results. Error bars show the highest and the lowest result after exclusion of outlying results

dilnym slozenim vzorkd, napf. vy$§im obsahem rozpusténych plynu
ve vzorku.

zovaci a provozni naklady. Jeho nevyhodou je trochu nizsi pfes-
nost (zavisla na zkusenosti obsluhy), delSi doba analyzy a vétsi
pracnost z ddvodu manualniho ovladani. CarboQC je automaticky
pfistroj, ktery dokaze rozlidit CO, od dalSich rozpusténych plyni
a ma malou chybu méfeni. Orbisphere Package Analyzer je také
automaticky pfistroj, ktery dokaze obsah CO, stanovit dvéma riz-
nymi metodami. Zaroven dokaze stanovit obsah rozpusténého kys-
liku ve vzorku a pfi pfipojeni CO, jako nosného plynu také obsah
dusiku.

Podstatou zjisténych rozdili mezi vysledky ziskanymi riznymi
technikami mize byt pravdépodobné také vliv vazby CO, na dalsi
slozky piva, ktery se projevi v rychlosti jeho uvolfiovani z piva za
riznych podminek. Mezi tyto podminky patfi chemické slozeni piva,
mnozstvi nukleacnich center, teplota, pH atd. Tyto podminky mohou
nasledné ovlivnit riznou miru uvolnéni CO, ultrazvukem nebo v ex-
panzni kyveté v pouzitych pfistrojich a muze tim dojit k naméreni
odlisnych koncentraci CO,. Také vysledky vodivostni metody mo-
hou byt ovlivnény rdznymi faktory. Tyto skute¢nosti maji na vysledek

4 CONCLUSIONS

The results of this study do not provide a basis for an unambiguous
conclusion as to which method provides the best results, although
the results and the relevant information derived from them may point
to the method more suitable after the specification of the required
criterion. It is evident that the instruments have different precision,
repeatability, laboriousness, time requirements and also acquisition
and operation costs. The comparison of instruments based on vol-
ume expansion (e.g. CarboQC) and instruments based on pressure
measurement (e.g. Haffmans) revealed a lower variance of results
for methods based on volume expansion. A higher content of CO,
was determined for some samples by the methods based on pres-
sure measurement; this can be caused by different composition of
the samples, e.g. higher content of dissolved gases in the sample.

Among the instruments, Haffmans has the lowest acquisition and
operational costs. lts disadvantages include a slightly lower preci-
sion depending on the experience of the operating personnel, longer
time of analysis and higher laboriousness because of the manual
control. CarboQC is an automatic instrument, which can differentiate
between CO, and other dissolved gases and exhibits only a small
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Tab. 3 Porovnani vysledk(l mezilaboratornich testil BAPS pro sledované typy pfistrojd /
Compatrison of results from BAPS international laboratory tests for particular instruments

measurement variation. Orbi-
sphere Package Analyzer is an

Mésic/ | Poget |Vylougené| Median/ | Sméro- | Nejnizsi | Nejvyssi | @utomaticinstrument, which can
Month | vysledkii/ | vysledky /| Median | datna | hodnota | hodnota | determine the content of CO,
Number of | Excluded | (g/) | odchylka | /The I The by two different methods. At the
results | results | Robust | lowest | highest same time it can determine the
SD (g/l) | result (g/l) | result (g/l) amount of dissolved oxygen in
the sample and after connection
Carbo VI/11 17 1 5.13 0.089 4.89 5.44 of CO, as carrier gas it is able
Haffmans 15 1 5.20 0.148 4.85 5.44 to determine the content of ni-
: trogen.
Orbisphere 4 0 5.10 0.067 4.98 5.17 The observed differences
Carbo V”/1 1 11 0 5.02 0.059 4.94 5.25 between results obtained by d|f-
Haffmans 1 0 5.21 * * * ferent methods of measurement
: can be probably also ascribed
Orbisphere 3 ! 5.05 0.037 5.02 5.07 to the influence of the binding of
Carbo VII/11 18 0 5.28 0.141 5.08 5.61 002 to other beer components,
Haffmans 12 0 5.26 0.096 4.95 5.45 which can be reflected in the
- speed of the evaluation of CO
Orbisphere 3 0 5.34 0.044 5.31 5.50 under different conditions sucﬁ
Carbo IX/11 11 0 4.99 0.044 4.89 5.06 as the chemical composition of
Haffmans 2 0 474 0.260 4.56 4.91 the beer, the amount of nuclea-
- tion sites, temperature, pH, etc.
Orbisphere 3 0 5.13 0.282 4.94 5.33 These conditions can subse-
Carbo X/11 18 0 4.85 0.126 4.61 5.30 quently influence the evolution
Haffmans 11 0 4.85 0.074 4.65 5.10 of CO, from the liquid by ultra-
- sound or in the expansion cell in
Orbisphere 5 0 4.95 0.148 4.74 5.05 different instruments and cause
Carbo X1/11 10 0 5.22 0.052 5.18 5.48 differences in the measured
* * " concentrations of CO,. Also the
Haff-mans ! 0 5.38 results obtained by tﬁe method
Orblsphere 3 0 5.22 0.059 5.07 5.26 based on thermal conductiv-
Carbo X/ 17 0 5.37 0.098 5.00 5.68 ity can be influenced by vari-
ous factors. These facts have
Haff.mans 13 0 5.40 0.163 5.15 5.60 probably a greater influence on
Orbisphere 3 0 5.40 0.015 5.25 5.41 the results than the presence

of nitrogen during filling or the
amount of other gases in beer.

zfejmé vétsi vliv nez pfitomnost dusiku pfi sta€eni a obsah dalSich
plynud v prislusném baleni.

Celkové Ize shrnout, ze zjisténé rozdily mezi vysledky raznych
metod stanoveni CO, v pivu jsou sice malé, ale prokazatelné a nelze
exaktné zjistit jejich pficinu. Lze je pravdépodobné pfipsat kombi-
naci rizného principu provéfovanych pfistroji a variability sloZeni
rliznych piv. Je zfejmé, ze dal§i vyzkum by se mél ubirat smérem ke
zjisténi pficin téchto rozdill v souvislosti se slozenim a vlastnostmi
méfenych piv.
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