338

KVASNY PRUMYSL
ro¢. 53 /2007 — ¢islo 11-12

VYZNAM OXIDU SIRICITEHO V PIVU

Cast 2.: Metody stanoveni oxidu siFi¢itého v pivu

SIGNIFICANCE OF SO, IN BEER

Part 2: Methods for determination SO, in beer

JOSEF DVORAK, PAVEL DOSTALEK, Ustav kvasné chemie a bioinZzenyrstvi, VSCHT Praha, Technicka 5,

166 28 Praha 6-Dejvice / Department of Fermentation Chemistry and Bioengineering, Institute of Chemical Tech-
nology, Prague, Technicka 5, 166 28 Prague; dvorak @beerresearch.cz o

PAVEL CEJKA, VLADIMIR KELLNER, JIRI CULIK, TOMAS HORAK, MARIE JURKOVA, VUPS, a. s.,
Pivovarsky ustav Praha, Lipova 15, 120 44 Praha 2 / RIBM, Plc., Brewing Institute, Lipova 15, 120 44 Prague;

kellner@beerresearch.cz

Dvorak, J. — Dostalek, P. — Cejka, P. — Kellner, V. — Culik, J. — Horak, T. — Jurkova, M.: Vyznam oxidu sifi¢itého v pivu. Cast 2.: Metody
stanoveni oxidu sifi€¢itého v pivu. Kvasny Prum. 53, 2007, ¢. 11-12, s. 338-343.

Clanek poskytuje struény pfehled metod stanoveni oxidu sifi¢itého v pivu, s diirazem na elektrochemické metody. Je zde popsana nova
elektrochemicka metoda umoznujici stanovit volny i vazany oxid sifi¢ity — pratokova chronopotenciometrie. Nova metoda byla optimalizovana,

porovnana se standardnimi metodami EBC a zavedena do praxe.

Dvofak, J. — Dostalek, P. — Cejka, P. — Kellner, V. — Culik, J. — Horak, T. — Jurkova, M.: Significance of SO, in beer. Part 2: Methods
for determination of SO, in beer. Kvasny Prum. 53, 2007, No. 11-12, p. 338—-343.

The article provides a summary about various types of methods for the determination of sulphur dioxide in beer, with the emphasis on the
electrochemical methods. In this article a new electrochemical method for the determination of free and total sulphur dioxide — flow chrono-
potentiometry is described. This new method was optimized, compared with standard EBC methods and introduced to the practice.
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Teil 2.: Methoden zur Bestimmung des Schwefeldioxids im Bier. Kvasny Prum. 53, 2007, Nr. 11-12, S. 338-343.

Eine kurze Ubersicht von Methoden zur Bestimmung des Schwefeldioxids im Bier mit der Betonung an die elektrochemische Methoden
wird in diesem Artikel angefuhrt. Eine neue elektrochemische Methode — Durchflusschronopotenziometrie, die Bestimmung von freiem und
gebundenem Schwefeldioxid ermdglicht — wird beschrieben. Diese neue Methode wurde optimalisiert, mit standarden EBC Methoden ver-

glichen und in die Praxis eingefihrt.
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CtaTba gaBaeT KpaTKOe onucaHne MeTOAOB OnpedeneHvus OABYOKUCU Cepbl B NMBE, C yAApeHWEeM Ha 3M1eKTPOXMMUYECKUe meToaa.
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NpaKTuKy.
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1 UvVoD

Idealni metoda stanoveni oxidu sifi¢itého v pivu by méla byt spo-
lehliva, rychla, nenaro¢na na praci a méla by také umoznovat méfeni
celkového a volného SO..

Metody stanoveni SO, miZzeme rozdélit na pfimé a nepfimé (ne-
pfimé metody vyzaduji pfed stanovenim SO, jesté separaci). EBC
(European Brewery Convention) doporucuje tyto tfi metody: Monier-
Williamsovu destilacni metodu, spektrofotometrickou metodu vyuzi-
vajici DNTB [5,5-dithiobis-(2-nitrobenzoova) kyselina] a enzymovou
metodu vyuzivajici sulfitreduktasu (EC 1.8.99.3) [1]. ASBC (The Ame-
rican Society of Brewing Chemists) doporucuje metodu s vyuzitim p-
rosanilinu [2]. IOB (The Institute of Brewing) doporuc€uje destilaéni
metodu vychézejici z Monier-Williamsovy metody a p-rosanilinovou
metodu [3].

2 METODY STANOVENI OXIDU SIRICITEHO V PIVU
2.1 Destilaéni metoda

Mezi Siroce rozSifené metody stanoveni celkového oxidu sifi¢itého
patfi destilaéni metody. Jde pfevazné o Upravy Monier-Williamsovy
destilaéni metody (dale jen destilacni metoda)[4].

Oxid sifiCity se nejprve oddestiluje z okyseleného roztoku vzorku
piva, jima se do neutralizovaného roztoku peroxidu vodiku, kde se
oxiduje na kyselinu sirovou. Kyselina sirova se titruje hydroxidem sod-
nym.

Tato metoda je doporucovana EBC. Vyhodou je jeji vysoka pres-

Keywords: SO,, beer, determination of SO,, electrochemical methods

1 INTRODUCTION

The ideal method for analysis of sulphur dioxide in beer should be
reliable, rapid, not labor-intensive and should allow measurement of
total and free SO,.

Analytical methods for determination of SO, can be divided into di-
rect and indirect (indirect methods require separation of SO, prior to
analysis). EBC (The European Brewery Convention) recommends th-
ree methods: Monier-Williams distillation method, a spectrophoto-
metric method using DTNB [5,5’-dithiobis-(2-nitrobenzoic) acid] and
an enzymatic procedure employing sulphite reductase (EC 1.8.99.3)
[1]. ASBC (The American Society of Brewing Chemists) recommends
a method using p-rosaniline [2]. IOB (The Institute of Brewing) re-
commends a distillation method based on the Monier-Williams met-
hod and also the p-rosaniline method [3].

2 METHODS FOR DETERMINATION OF SULPHUR DIOXIDE IN

BEER
2.1 Distillation method

Distillation methods are among the most widely used procedures
for analysis of the total SO,. Most are adaptations of the Monier-Wil-
liams distillation method (below: distillation method) [4].

Suplhur dioxide is transported from acidified beer sample by nit-
rogen and carbon dioxide at 100 °C to the hydro peroxide solution.
SO, is converted to sulphuric acid, which is titrated with NaOH.

This method is recommended by EBC. Method has the advantage
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nost, relativni smérodatna odchylka je 5 %. Nevyhodou této metody
je jeji Casova naroc¢nost [5].

Existuje velké mnozstvi modifikaci Monier-Williamsovy metody,
které vyuzivaji napfiklad pfidavku methanolu nebo zpétného chladice
a které jsou vice ¢i méné presné [5].

2.2 Enzymova metoda

Firma Boehringer-Mannheim vyrabi enzymovy kit na stanoveni cel-
kového oxidu sifi¢itého v potravinach a jinych materidlech.

Sifi¢itanovy anion je v pfitomnosti kysliku oxidovan enzymem sifi-
¢itanoxidasou (SO, — OD) na anion siranovy. Peroxid vodiku vytva-
fejici se pfi této reakci se NADH-peroxidasou (NADH-POD) redukuje
v pfitomnosti NADH (nikotinamidadenindinukleotid). Mnozstvi NADH
zoxidovaného pfi druhé reakci odpovida mnozstvi aniontu SO%. Uby-
tek absorbance NADH je stanoven pfi 340 nm [6].

Relativni smérodatna odchylka enzymové metody je 3,21-5,71 %,

2.3 Jodometricka metoda

Tato metoda spocivé v jodometrické titraci piva. Umoznuje stano-
vit jak volny, tak i vadzany, v zavislosti na nastaveném pH roztoku. Bod
ekvivalence se detekuje vizualné nebo elektrometricky. Pritomnost
redukujicich slou¢enin a pomalost reakce mezi SO, a jodem pfi niz-
kych koncentracich mohou vést k analytickym chybam [7].

2.4 Spektrofotometrické metody
2.4.1 Steigmanova metoda

Principem této metody je reakce oxidu sifi¢itého s p-rosanilinem
za tvorby kyseliny fuchsinsificité, ktera s formaldehydem poskytuje
oranzove fialové zabarveni, jehoz intenzita se méfi pfi vinové délce
550 nm [8].

Steigmanova metoda (déle jen spektrofotometricka metoda) umoz-
fuje stanovit jak volny, tak celkovy SO,. Metoda je velmi rozSifena,
ale béhem poslednich nékolika let se od ni spiSe upousti, a to v dl-
sledku mozné karcinogenity p-rosanilinu. Jde o doporu¢enou metodu
ASBC a IOB. Pro spektrofotometrickou metodu jsou hodnoty opako-
vatelnosti rgs = 0,51+0,1 m a reprodukovatelnosti Rgs = 0,63 +
0,26 m (m = pramer) [5].

2.4.2 Metoda s vyuzitim DTNB [5,5 — dithiobis-(2-nitrobenzoova)
kyselina]

Tato metoda je doporu¢ena EBC pro pivo o obsahu SO, v rozmezi
0-20 mg/l. SO, se oddestiluje z odkysli¢eného okyseleného roztoku do
roztoku DNTB ve fosfatovém tlumivém roztoku o pH 8,0, jako nosny plyn
se pouziva dusik. Dale se zméfi absorbance produktu pfi 415 nm [9].

2.5 FIA (Flow Injection Analysis)

VétSina FIA metod jsou adaptace spektrofotometrickych metod.
Vzorek se nastfikne do nosného proudu, ktery obsahuje NaOH pro
uvolnéni vazaného HSO3, tento proud je smiSen s proudem, ktery
obsahuje H,SO,. SniZi se tak pH a tim se uvolni plynny SO,. SO, je
v proudu veden na plynovou difusni membranu, kde je oddélen. SO,
dale reaguje s p-rosanilinem (nebo malachitovou zeleni) a formalde-
hydem. Tim vznikne barevny komplex, ktery je detekovan spektrofo-
tometricky [10].

UZiti metody FIA pfinaSi mnohé vyhody oproti manualnim meto-
dam; snizeni kontaktu s nebezpeénymi chemikaliemi, snizeni spo-
tfeby reagentll a zvySeni vytéznosti, tj. za stejny ¢asovy interval Ize
vyhodnotit vice vzork( [5].

2.6 Chromatografické metody

Asaka et al. [11] popsal HPLC (high performance liquid chromato-
graphy) metodu pro stanoveni sifi¢itand ve viné s vyuzitim N-(9-ak-
ridinyl)-maleimid (NAM). Sifi¢itan reaguje s NAM za tvorby fluores-
cenéniho produktu. Fluorescence se méfi pfi 436 nm a je umérna
obsahu sifi¢itanu ve vzorku. HPLC stanoveni trva pfiblizné 10 minut.
Tato metoda vyzaduje objem vzorku kolem 100 ul.

Volny i vazany SO, Ize stanovit rovnéz pomoci plynové chromato-
grafie (GC). Vazany SO, se uvolni pfidanim hydroxidu, je zachycen
tetrachlorortutnatym iontem a dale se okyseli na svoje pdvodni pH.
Kalibrace muiZe byt provedena vytvofenim kalibraéni kfivky nebo pfi-
danim vnitfniho standardu. K detekci se vyuziva plamenofotometricky
detektor (FPD) nebo také chemiluminiscenéni detektor [12].

Alternativou k HPLC a GC (gas chromatography) je iontové vy-
meénna chromatografie. Jde o kapalinovou chromatografii, kde napini
kolony je silny anex a detekce probiha pomoci elektrochemického de-
tektoru. lontové vyménna chromatografie je jednoducha a rychla. Me-
toda mé& dobrou opakovatelnost a kratky analyza¢ni ¢as [13].

of accuracy, the relative standard deviation is about 5 %. The disa-
dvantage of this method is its time cost [5].

There are many modifications of the Monier-Williams method, using
for example the addition of methanol or the reflux condenser, which
are more or less accurate [5].

2.2 Enzymatic method

Boehringer-Mannheim company produces enzymatic kit fot the de-
termination of total sulphur dioxide in food and other materials.

The determination is based on the oxidation of sulphite by oxygen
in the presence of sulphite-oxidase (SO,-OD) to the sulphate anion.
Hydrogen peroxide formed in this reaction is reduced by nicotinami-
deadenin dinucleotide (NADH) in the presence of the enzyme NADH-
peroxidase. The concentration of sulphite is calculated from the chan-
ges in the NADH absorbance at 340 nm [6].

The relative standard deviation is 3.21-5.71 %, depending on the
concentration of sulphur dioxide in the solution [6].

2.3 lodometric method

The iodometric method is based on the iodometric titration of beer.
Free and total SO, can be measured by careful pH adjustment. The
alternative to visual determination of the end point is to use an elect-
rometric procedure. The interferences can occur due to other reduc-
ting materials and also due to the low speed of reaction between io-
dine and SO, at low concentration of sulphur dioxide [7].

2.4 Spectrophotometric method
2.4.1 Steigman’s method

The colorimetric determination is based on the reaction between
suplhur dioxide, p-rosaniline and formaldehyde, which forms the vi-
olet colour. On completing the reaction and development of the co-
lour an absorbance of the p-rosaniline-sulphite complex at 550 nm is
measured [8].

Steigman’s method allows (below: spectrophotometric method) the
determination of free and total SO,. The method is widely used, but
there is a danger of possible carcinogenic effect of p-rosaniline. This
method is recommended by ASBC and I0B. The values of repeata-
bility and reproducibility for spectrophotometric method are ro5 =
0.51+0,1m and Rgs = 0.63 + 0,26 m (m = mean), respectively [5].

2.4.2 Method using DTNB [5,5 — dithiobis-(2-nitrobenzoic) acid]

DTNB method is recommended by EBC for the total SO, in beer
(0—20 mg/l). Sulphur dioxide is distilled from acidified beer sample
into a buffered DTNB solution, pH = 8.0, with a nitrogen carrier gas.
The absorbance is measured at 415 nm [9].

2.5 FIA (Flow Injection Analysis)

Most flow injection analyses are modifications of spectrophotome-
tric methods. The sample is injected into the carrier stream which
contains NaOH to release bound sulphites, this flow is mixed with
a stream that contains H,SO,. The pH is decreased with H,SO, and
the SO, is released. SO, is carried to a gas diffusion membrane where
is separated. Then SO, is then reacts with p-rosaniline (or malachite
green) and with formaldehyde to give a colored product. The colored
product is measured using a spectrophotometer [10].

Flow injection analysis offers several advantages in comparasion
;with manual methods shorter operator contact with hazardous che-
micals, lesser consumption of reagents and greater numbers of sam-
ples can be run for the same degree of operator effort [5].

2.6 Chromatographic methods

Asaka et al. [11] described a HPLC (high performance liquid chro-
matography) method for determination of sulphites in wine using N-
(9-acridinyl)-maleimide (NAM). The sulphite reacts with the NAM to
give a fluorescent product. The fluorescent intensity is measured at
434 nm and is proportional to the sulphite content of the sample. The
HPLC determination takes 10 minutes. This method requires sample
volume of less than 100 ul.

Free and bound SO, can be measured by gas chromatography
(GC). Bound SO; is released by from the solution by addition of al-
kali and then trapped by using tetrachloromercurate ions, the sam-
ple is then acidified to restore it to its original pH value. Such GC met-
hod can be calibrated using a separately prepared standard curve,
or by using a suplhur-containing compoud as an internal standard.
Chemiluminescence detection or FPD detection are used [12].

An alternative to HPLC and GC (gas chromatography) is the ion
exclusion chromatography. This method uses a liquid chromatography
system equipped with a strong anion exclusion column and the de-
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2.7 Metody vyuzivajici selektivni elektrody

Selektivni elektrody mizeme rozdélit na enzymové a neenzymové,
pfiéemz enzymové jsou béznéjsi. Enzymové elektrody jsou zalozeny
na pGsobeni enzymu sific¢itanoxidasy, ktery katalyzuje oxidaci sifi¢i-
tanu na siran. Fassnige a Van Engel [14] vyvinuli elektrodu pro sta-
noveni SO, ve vzorcich piva; jde o kyslikovou elektrodu, ktera ma na
membrané sifiitanoxidasu. Sifi¢itan se detekuje amperometricky,
podle mnozstvi spotfebovaného kysliku ve vzorku béhem oxida¢niho
procesu. PFitomnost kvasinek muze vést k chybam, stejné tak i pfi-
tomnost kyseliny askorbové nebo cysteinu.

Jiné elektrody vyuzivaji permeabilni membranu, pfes kterou oxid
sifiCity prochazi do plniciho roztoku elektrody.

Nevyhodou selektivnich elektrod je jejich kratka Zivotnost, ne vzdy
uspokojiva pfesnost a pfedevsim velké pofizovaci naklady.

2.8 Metoda vyuzivajici infracervenou spektrometrii

Skands et al. [15] predstavili novou metodu pro stanoveni celko-
vého oxidu sifi¢itého. Metoda je zalozena na infradervené spektro-
metrii. Mez detekce metody lezi pod 1 ppm a ¢as potfebny pro ana-
lyzu je pfiblizné 15 minut. Metoda je jednoducha a nenaro¢na na
obsluhu. Opakovatelnost a pfesnost metody je pfiblizné stejna jako
u GC metody. Nevyhodou je jeji finanéni nakladnost.

Zarizeni tvofi uzavieny adiabaticky systém, ve kterém je v rovno-
vaze kapalna a plynna faze. Koncentrace v plynné fazi je mérena Air-
Tech 1312 PAS/IR zafizenim vybavenym SO, filtrem. SO, signal se
méfi po a pred pfidanim kyseliny fosfore€né a konecny vysledek je
dan rozdilem téchto dvou signald.

Méfeni maze narusit pfitomnost sloZek piva absorbujicich ve stej-
ném pasu jako SO,, jde napt. o ethanol a jiné slou€eniny s hydro-
xyskupinami.

2.9 Elektrochemické metody

Holak et al. [16] pouzili rychlou a citlivou polarografickou metodu
ke stanoveni sifi¢itand v potravinach a napojich. Metoda zahrnuje Mo-
nier-Williamsovu destilaci s naslednou polarografickou detekci dife-
renéni pulsni polarografii nebo polarografii s pravouhlym napétovym
pulsem. Tato metoda je specificka pro SO,.

Cardwell et al. [17] pouzili voltametrii ke stanoveni oxidu sifi¢itého
v ¢erveném viné. Metodu stanoveni volného a celkového oxidu sifi-
¢itého v pivu voltametricky navrhli Almeida et al. [18].

2.9.1 Voltametricka metoda [18]

Voltametrickou metodu Ize pouzit ke stanoveni volného a celko-
vého SO, v pivu vyuzitim rtutové kapkové elektrody. Nejdfive se pro-
vadi stanoveni acetaldehydu, ktery tvofi 95 % vSech aldehydl v pivu,
a poté oxidu sific¢itého.

Acetaldehyd Ize stanovit jak v kyselém, tak i v zasaditém prostredi.
Ke stanoveni se vyuziva reakce aldehydu (acetaldehydu) s hydrazi-
nem v kyselém prostfedi za tvorby elektronaktivni slou€eniny hydra-
zonu. Redukce hydrazonu na rtutové kapkové elektrodé (DME) je
dvouelektronovy proces a elektricky proud je umérny koncentraci ace-
taldehydu (obdobné se na DME redukuje H,SOj;, proud je opét
umérny koncentraci H,SO3).

Po odstranéni acetaldehydu se vzorek piva okyseli. VSechny ionty
HSO; se v kyselém pH vy-

tection is performed by an electrochemical detector. The ion exclu-
sion chromatography is simple and rapid, with good repeatability and
short time of analysis [13].

2.7 Method using selective electrodes

Selective electrode can be split into enzymatic and nonenzymatic,
of which the enzymatic types are most common. Enzymatic electro-
des are mostly based on the use of sulphite oxidase to catalyze oxi-
dation of sulphite to sulphate. Fassnige and Van Engel [14] evalua-
ted an electrode for use in beer; which was based on the oxygen
electrode and contained sulphite oxidase on the membrane. Sulphite
is detected amperometrically as oxygen in the sample is depleted du-
ring the oxidation process. The presence of yeast in the sample led
to erratic results, interference also resulted from the presence of eit-
her ascorbic acid or cysteine.

Other electrodes feature the use of gas-permeable membrane,
through which SO, can pass into the filling solution of electrode.

The disadvantage of this method is a short operating life of the
electrode, not always satisfactory accuracy and also heavy costs.

2.8 Method using infrared spectroscopy

Skands et al. [15] provided a new method for the determination of
total sulphur dioxide. The method is based on infrared spectroscopy.
A detection limit is less than 1 ppm and time of analysis of less than
15 minutes. This method is simple and easy to manipulate. The pre-
sent measuring method for SO, has proven very repeatable and the
accuracy is at least as good as that of the GC method. The disa-
dvantage is its heavy costs.

The set-up consists of closed, adiabatic system containing an aqu-
eous and gaseous phase in equilibrium. Concentration in the gase-
ous phase is measured using an Innova Air-Tech 1312 PAS/IR in-
strument fitted with a SO,-filter. The SO, signal is measured before
and after addition of phosphorous acid and the final measurement is
defined as the difference between these two signals.

Several minor components in beer samples may absorb in the SO,
region and so cause interference, for example ethanol and the other
compounds with hydroxy group.

2.9 Electrochemical methods

Holak et al. [16] used rapid and active polarographic method for
the determination of sulphites in food a beverages. This method in-
volves Monier-Williams distillation method with polarographic detec-
tion by a differential pulse polarography or a polarography with rec-
tangular voltage. Mentioned method is specific for SO,.

Cardwell et al. [17] used voltammetry for the determination of sulp-
hur dioxide in a red wine [18].

Voltammetric determination of sulphur dioxide and acetaldehyde
was at first presented by Almeida et al. [18].

2.9.1 Voltammetric method [18]

Voltammetric method is proposed to for the detrmination of both
total and free sulphur dioxide in beer, using a hanging mercury drop
electrode. First the determination of acetlaldehyde is performed, be-
cause it represents approximately 95 % of all aldehydes in beer, and
finally SO, is analyzed.

skytuji ve formé SO,, a ten
mlze byt jednoduse od-

Acetaldehydes can be
determined voltammetri-

stranén probublanim dusi-
kem do voltametrické cely,
kde je voltmetricky stano-
ven v acetatovém pufru (pH
=5,0). H,SO; se v cele re-
dukuje a proud je umérny
koncentraci H,SOs.

Koncentrace volného
SO, se ziska jako rozdil
mezi celkovou koncentraci
SO, a koncentraci acetal-
dehydu, kterd predstavuje
vic nez 95 % vSech alde-
hydl v pivu.

R A o

2.9.2 Pritokova
chronopotenciometrie
Jde o elektrochemickou
metodu (dale chronopoten-
ciometrick&d metoda), ktera
byla vyvinuta slovenskou

Obr. 1/ Fig. 1 Popis zafizeni: 1) roztok vzorku, 2) pfepinaci ventil na davko-
vani standardu nebo blanku, 3) pfepinaci ventil na pfepinani mezi vzorkem
a elektrolytem, 4) peristaltické Cerpadlo, 5) drzak filtru, 6) méfici cela, 7) sig-
nalizaéni panel, 8) ochranny kryt / The description of instrumentation: 1) sam-
ple solution, 2) change-over valve for dosing of standard or blank, 3) change
over valve for switching between sample and electrolyte, 4) peristaltic pump,
5) filter holder, 6) measuring cell, 7) signalling panel, 8) safety screen

cally in either acidic or al-
kalic media. By reacting
with hydrazine under aci-
dic conditions acetalde-
hyde can be quantitatively
converted into an hyra-
zone, which is electroac-
tive. The reduction of the
hydrazone at the dropping
mercury electrode (DME)
is a two-electron process
and the current is proporti-
onal to acetaldehyde con-
centration. (reduction of
H,SOg; is also two-electron
process, the current is pro-
portional to H,SO; con-
centration).

Then, beer is acidified
with HCl to convert all sulp-
hite into SO,. SO, is then

432 1
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Elektrolyt /
Electrolyte

Pritokova cela /
Flow-through cell

o IR
Odpad /

Elektrolyt /

Ventil 1/ Electrolyte

Valve 1

Ventil 2/ Membranovy modul
Valve 2 v méici kadince /

Waste Peristalicka Membrane module
pumpa / in measuring baker
Peristalic pump

Standard + Elektrolyt
+ Vzorek /Electrolyte,
Standard, Sample

Obr.2/ Fig. 2 Schéma zafizeni/ The Flow-chart
diagram of the electrochemical analyzer

transferred by nitrogen gas into a trapping solution (0.1 M
acetate buffer, pH 5.0) in a voltammetric cell, where it is
determined and the current is proportional to H,SO; con-
centration

Free sulphur dioxide is estimated as the difference bet-
ween the total SO, and the acetaldehyde concentrati-
ons.

2.9.2 Flow-through chronopotentiometry
A new electrochemical method, which was developed
by Slovakian company Istran, provides the determina-
tion of total and free sulphur dioxide. This method is accu-
rate, with good repeatability and not time-consuming.
Sulphites in beer samples are converted to free sulp-

firmou Istran a umozriuje stanoveni vol-
ného a celkového SO,. Vyhodami této
metody jsou presnost, dobra opakova-
telnost a ¢asova nenaro¢nost.
Sifi¢itany se prfevedou okyselenim na
oxid sificity, ktery se po prlichodu pres
semipermeabilni membranu nahromadi
na pracovni elektrodé a nasledné se
konstantnim proudem oxiduje na siran:

HSO; + H,O = SO% + 3H* + 2¢e°

PFi tomto kroku se zaznamena signal —
rozpoustéci chronopotenciogram, ze kte-
rého se vypocita mnozstvi a koncentrace
sifi¢itan( ve vzorku.

Volné sifi¢itany se stanovuji pfimo po
okyseleni vzorku, celkovy obsah sifici-
tan(i po prevedeni volnych a vazanych
sifi¢itant na anion SO% a néasledné na
oxid sificity.

3 ZAVEDENI PRUTOKOVE

CHRONOPOTENCIOMETRIE

DO PRAXE
3.1 Roztoky a reagenty

Pro pfipravu roztokd byla pouzita re-
destilovana voda (MilliQ, Millipore,
USA). Jako zdroj SO, slouzil Na,SO4
(SigmaUltra). Koncentrace standardi
byly 0,5; 1,0 a 2,0 mg SO,/I. Ke gene-
rovani oxidu sifi¢itého byla pouzita
1M H,SO,. Nosny elektrolyt tvofila
0,1M H,SO,. Pro uvolnéni vazaného
SO, byl pfidavan 1M NaOH (97%
H>SO,4 a NaOH byly p. a. kvality, Penta
Chrudim, CR).

3.2 Aparatura

Elektrochemické  (chronopotencio-
metrické) stanoveni bylo provedeno na
pritokovém elektrometrickém analyza-
toru EcaFlow Model 150 GLP (lstran,
Bratislava) vybaveném 3-elektrodovou
meéfici celou EcaCell typ 353c a sepa-
raéni jednotkou (membranovym modu-
lem). Aparatura byla napojena na poci-
tag tfidy PC se softwarem EcaSoft 2.2.
Na obr. 1 a 2 je zobrazen popis
a schéma zafizeni.

3.2.1 Pritokova cela EcaCell Typ
353c

Prlfez pritokové cely a jeji soucasti
jsou schematicky znazornény na obr. 3.
Vyménitelna valcové pracovni elektroda
se sklada z elektricky vodivé obruce
a obsahuje porézni elektrodovy mate-
ridl. Pracovni elektroda se vlozi do
Sroubu s bajonetovym zavitem a je utés-
néna silikonovym tésnicim krouzkem.

Jako pracovni elektroda byla uzita
elektroda E-T/AX (lIstran, Bratislava),
jako pomocna byla uzita platinova elek-
troda, ktera je trvale upevnéna v pro-
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Obr. 3 / Fig. 3 Prutokova cela EcaCell 353c,
1) pfitla¢na struktura s bajonetovym zavitem,
2) silikonové tésnéni, 3) pracovni elektroda,
4) blok cely, 5) kontakt k pracovni elektrodé,
6) pomocna elektroda, 7) struktura s vystupni
hadickou, 8) uzaveér refererencéniho prostoru,
9) referenéni elektroda, 10) uzavér referenc-
niho prostoru na dopInéni referenéniho elek-
trolytu se silikonovym tésnénim, 11) mem-
brana / The Flow-through cell EcaCell Typ
353c, 1) press wheel with bayonet cap, 2) si-
licone caulking, 3) measuring electrode, 4)
cell, 5) connection to measuring electrode, 6)
auxiliary electrode, 7) structure with output
tube, 8) cap of reference place, 9) reference
electrode, 10) cap of reference place for re-
filling reference electrolyte with silicone caul-
king, 11) membrane

Obr. 4 / Fig. 4 Membranovy modul (separaéni jed-
notka) / The membrane module (separation unit)

hur dioxide, which after passing through
a semi-permeable membrane is collected on
the working electrode and then oxidized to
sulphates, is determined by stripping chro-
nopotentiometry.

HSO; + H,O = SO% + 3H* + 2¢

The potential of the electrode is monitored
providing the chronopotentiometric res-
ponse curve. The peak area is directly pro-
portional to the sulphur dioxide content in the
sample.

Free sulphites are determined after acidi-
fying the beer sample. The total sulphite con-
tent is determined after adding a hydroxide
solution to the sample to release the bound
forms of sulphites.

3 INTRODUCTION OF FLOW
CHRONOPOTENTIOMETRY TO THE
PRACTICE

3.1 Reagents
Analytical reagent grade chemicals and pu-

rified water (MilliQ, Millipore, USA) were used

in the preparation of the solutions. Na,SO3
was used as a source of SO, (sodium sulp-
hite anhydrous — SigmaUltra). Standards with
concentrations of 0.5, 1.0 and 2.0 mg SO,/L
were used. Sulphuric acid 1 Mand 0.1 M were

used as a solution for generating sulphur di-

oxide and as a carrier electrolyte, respectively.

For releasing of bound sulphur dioxide 1 M

NaOH was used. (97% H,SO, and NaOH both

p.a. qualities were purchased from Penta

Chrudim, Czech Republic).

3.2 Instrumentation

The electrochemical determination was
done on the PC controlled EcaFlow 150 GLP
electrochemical analyser (Istran, Ltd., Brati-
slava, Slovakia) equipped with the 3-elect-
rode measuring cell of type 353c and also
with the separator module (membrane mo-
dule). For signal processing and evaluation
PC and the software version EcaSoft 2.2 for
Windows were used. The description of in-
strumentation and the schema are depicted
in Fig. 1and Fig. 2.

3.2.1 Flow-through cell EcaCell of type
353c

The crosscut of the flow-through cell Eca-
Cell of type 353c and its components are de-
picted in Fig. 3. The interchangeable cylind-
ric operating electrode is composed of the
electric conducting ring and it contents po-
rous electrode material. The measuring
electrode has to be placed to the bolt with
bayonet cap and is caulked with silicone cir-
cular section ring.

The working and auxiliary electrodes were
of the type E-T/AX gold wire electrode (Ist-
ran, Ltd., Bratislava, Slovakia) and platinum
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storu nad pracovni elektrodou. Referencni
elektroda je Ag/AgCl ponofena v nasyceném
roztoku KCI. Elektroda je oddélena od prou-
diciho roztoku membranou.

3.2.2 Membranovy modul (separacni
jednotka)

Membranovy modul (obr. 4) tvofi silikonova
hadi¢ka o vnitfnim priiméru 1,0 mm a vnéj-
§im praméru 1,4 mm. Separacni jednotka
slouzi k odstranéni ruSivych vlivi matrice
vzorku. Méfeny oxid sifi€ity po okyseleni
vzorku piva difunduje pfes semipermeabilni
membranu do nosného elektrolytu, odkud se
dale dostava do méfici cely.

3.3 Méfeni

Pfed zahajenim méfeni je nejprve nutné
nastavit pracovni parametry (tab. 1), naplnit
pratokovy systém a méfici celu nosnym elek-
trolytem a aktivovat elektrodu.

Pfi vlastnim méfeni se k 10 ml studeného
piva v 50 ml barce pfidaji 3 ml 1M NaOH. Po
5 minutach je objem doplnén na 50 ml
1M H,S0O,, vlozi se membranovy modul a roz-
tok se ihned analyzuje. (Pokud je koncent-
race SO, vySSi nez 5 mg/l, pouziva se pro
stanoveni pouze 1 ml vzorku piva.)

3.4 Optimalizace elektrochemické
metody

Bylo optimalizovano pfidavané mnozstvi
1M NaOH a ¢as jeho pUsobeni u vzorku piva,
ve kterém byla destilaéni metodou stanovena
koncentrace celkového oxidu sifi¢itého 7,2
mg/l. Vysledky jsou zobrazeny v tab. 2. Jako
optimalni se jevilo ptisobeni 3 ml 1M NaOH
po dobu 5 minut.

3.5 Porovnani se standardnimi metodami
EBC
Za u¢elem porovnani stanoveni obsahu
celkového oxidu sifi¢itého elektrochemic-
kou (chronopotenciometrickou) metodou
a doporu¢enymi EBC metodami (desti-

Tab. 1/ Tab. 1 Pracovni podminky pro elekt-
rochemické stanoveni / Operating conditions
for chronopotentiometric determination

Hodnota / Value
Elektrolyt / Electrolyte kys. sirova/ sulp-
huric acid 0.1 M
Elektroda / Electrode Istran ET/AX
Pocéatecni potencial /
Quiescence potential 400 mV
Konecny potencial /
End potential 900 mV
Stripovaci proud /
Stripping current 1 uA
Maximalni ¢as rozpousténi /
Measurement time 60s
Regeneraéni cas /
Regeneration time 10s
Regeneracni potencial /
Regeneration potential 1500 mV
Objem vzorku / Sample volume| 10 ml
Pratok / Flow rate 3 ml/min

Tab. 2 / Tab. 2 Optimalizace mnozstvi
1M NaOH a ¢asu jeho plsobeni / Optimali-
zation of amount 1M NaOH and time of its re-
acting

Cas/ Objem / Value NaOH (ml)
Time
(min)
1 2 3 4 5 6
1 09| 12| 21 | 24 | 40 | 3.6
2 23| 31 | 34 | 40 | 57 | 49
3 52 | 52 | 51 | 57 | 62 | 6.4
4 60 | 64 | 6.1 | 68 | 69 | 6.8
5 63| 68| 72 | 71 70 | 7.0
6 62 | 62 | 71 | 70 | 64 | 6.8
7 64 | 64| 68 | 62 | 6.8 | 6.9

Tab. 3 / Tab. 3 Porovnani smérodatnych odchylek
a opakovatelnosti srovnavanych metod / Compari-
son of standard deviations and repeatabilities of
tested methods

laéni metoda, enzymova metoda a p-ro-
sanilinova metoda) [19, 20, 21] byl analy-
zovan jeden vzorek piva (jedna hladina).
Kazdé méfeni bylo zopakovano Sestkrat
(tab. 3). Rozdily mezi vysledky jednotli-

vych metod byly statisticky vyhodnoceny
jednofaktorovou analyzou rozptylu
(ANQVA). Bylo zjisténo, ze mezi vysledky
(méfenymi na jednom vzorku) nebyl sta-
tisticky vyznamny rozdil.

Déle se porovnaly vysledky stanoveni
obsahu celkového oxidu sifi¢itého elekt-

rochemickou (chronopotenciometrickou)
metodou a doporuc¢enymi EBC metodami
na ¢trnacti vzorcich (hladinach) ¢eskych
piv (jednalo se o vy&epni piva, lezaky a ne-
alkoholicka piva). Vzorek byl vzdy promé-
fen tfikrat kazdou metodou a vysledky mé-
feni jsou vyjadreny jako priiméry z téchto
meéfeni (tab. 4). Porovnaly se vysledky

vzdy mezi dvéma metodami parovym t-

Méreni/ | Elektroch.
Measure- | metoda/ | ppe o5 1| ERC 9252 | EBC 9253
ment Electroch.
method
mgS0,/l | mgSO,/l | mgSO,/l | mgSO,/l
1 3.83 3.20 3.52 3.94
2 3.31 3.60 2.93 2.7
3 3.10 3.40 3.81 3.22
4 3.05 3.70 4.20 3.17
5 3.57 3.00 3.72 3.00
6 3.41 3.30 2.90 4.00
Primér /
Mean 3.38 3.37 3.51 3.34
Smérodatna
odchylka /
Standard 0.29 0.26 0.51 0.52
deviation
Opakovatel-
nost / 0.82 0.72 1.44 1.46
Repeatability

testem. Jediny statisticky vyznamny rozdil
byl zjisttn mezi potenciometrickou
a spektrofotometrickou metodou (vy-

sledky byly vy88i u p-rosanilinové metody), mezi dalSimi dvojicemi

metod byly rozdily statisticky nevyznamné.

Vysledkl z tab. 3 bylo téZ vyuZito k vypoctu opakovatelnosti. Z jed-
notlivych méreni byl vypocitan priimér, smérodatna odchylka a opa-
kovatelnost pro jednotlivé metody. Souhrn statistického vyhodnoceni
je uveden ve spodni ¢asti v tab. 3. Z vysledk( vyplyva, ze hodnoty
smérodatné odchylky a opakovatelnosti ziskané elektrochemickou
metodou jsou pfiblizné stejné jako u destilaéni metody, ale niz$i nez
u enzymové metody a spektrofotometrické metody.

Pozn.: opakovatelnost = 2.8 * SD (smérodatna odchylka)
Note: repeatability = 2.8 * SD (standard deviation)

electrode, respectively. The built-in reference
electrode was a silver-silver chloride elect-
rode in saturated KCI. The electrode is sepa-
rated from flowing sample by membrane.

3.2.2 Membrane module (separation unit)

The membrane separator (Fig. 4) compri-
ses a silicone tube coil of inner and outer di-
ameter 1.0 mm and 1.4 mm, respectively. The
separation unit serves as the eliminator of in-
terference from the sample matrix. Sulphur
dioxide diffuses through a semipermeable si-
licone membrane from the acidified beer
sample to a carrier electrolyte and then goes
to the measuring cell.

3.3 Measurement

Before the start of measurement the expe-
rimental parameters are set (Tab. 1), the flow
system and the cell are rinsed with the carrier
electrolyte and the electrode is activated.

3 mL of 1 M sodium hydroxide is added to
10 mL of a cold beer sample in a 50 mL be-
aker. After staying 5 min, the volume is made
up to 50 mL with 1 M sulphuric acid, the mem-
brane module is immersed into the beaker
and the solution is immediately analysed. (If
the concentration of SO, exceeds 5 mg/L,
1 ml of beer is taken only.)
3.4 Optimalization of electrochemical

method

The amount of 1 M NaOH and time of its
reacting on beer sample were optimized, the
concentration of total sulphur dioxide deter-
minated by distillation method was 7.2 mg/I.
The results are shown in Tab. 2.3 ml of 1M
NaOH and 5 minutes of reaction appeared as
optimal.

3.5 Comparison with standard EBC
methods

In order to compare the electrochemi-
cal method and recommended EBC met-
hods (distillation method, enzymatic met-
hod and p-rosaniline method) [19, 20, 21]
the statistical characterization of methods
were carried out by analysing one sample
six times. The results are listed in Tab. 3.
The statistical test ANOVA (one-way ana-
lysis of fluctuation) provided that there was
no statistically significant difference
among these methods.

Next the determination of total SO, in
a set of 14 Czech beer samples (lager,
nonalcoholic and pale beers were used)
was carried out by the electrochemical
method and by EBC recommended met-
hods (distillation method, enzymatic met-
hod and p-rosaniline method). Each sam-
ple was always measured three times by
all methods and the results are shown as
means in Tab. 4. The data obtained with
all methods were compared by pair t-test.

The only one statiscically significant dif-
ference was found between potentiome-
tric and spectrophotometric methods (the
results obtained with the p-rosaniline met-
hod were slightly higher than those obta-

ined with the electrochemical method).

The results in Tab. 3 were used for the calculation of repeatability.

From the data obtained with all tested methods were calculated mean,
standard deviation and repeatability for each method. The summary
of statistical evaluation is shown in the bottom part of Tab. 3. The va-
lues of relative standard deviation and repeatability obtained with the
electrochemical method were similar to the results measured with the
distillation method and lower than those obtained by the enzymatic
and spectrophotometric methods.
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Porovnani objemu vzorku, ¢asu analyzy
a potfebného vybaveni uvedenych c&tyf
testovanych metod je zobrazeno v tab. 5.
Z tabulky je patrné, ze elektrochemicka
metoda je rychlejSi a jednodussi nez
ostatni srovnavané metody.

4 ZAVER

Nové vyvinuta elektrochemickd metoda
byla optimalizovana a porovnana se stan-
dardnimi metodami EBC, 9.25.1.—Celkovy
oxid sifiCity v pivu: Destilani metoda,
9.25.2 — Celkovy oxid sificity v pivu: Enzy-
movéa metoda a 9.25.3 — Celkovy oxid sifi-
¢ity v pivu: p-rosanilinova metoda. ANOVA
testem bylo zjisténo, ze rozdily mezi me-
todami nejsou statisticky vyznamné na hla-
diné vyznamnosti 95 %, z ¢ehoz je patrné,
ze elektrochemicka metoda je srovnatelna
s uvedenymi referenénimi metodami EBC.

Elektrochemicka (chronopotenciome-
trickd) metoda je mnohem rychlejsi a jed-
nodu$si nez EBC metody.

Hodnoty smérodatné odchylky a opa-
kovatelnosti elektrochemické metody jsou
pfiblizné stejné jako u destilacni metody,
ale nizsi nez u enzymové a spektrofoto-
metrické metody.

Podékovani

Tato prace byla podporena Minis-
terstvem skolstvi, mladeze a télo-
vychovy CR (Vyzkumny zamér

Tab. 4 / Tab. 4 Porovnani vysledkd obsahu celko-
vého oxidu sifi¢itého v Cerstvych pivech ziskanych
elektrochemickou metodou a referenénimi EBC me-
todami / Comparison of the results of total sulphur
dioxide determination in fresh beers by proposed
chronopotentiometric method and the reference

EBC methods
Vzorek | Elektro- [EBC met./|EBC met./| EBC met./
piva/ | chemicka |[EBC 9.25.1| EBC 9.25.2| EBC 9.25.3
Beer metoda /
Electroch.
method
mg SO/l | mg SO,/l | mg SO./l | mg SO/l
1 0.5 0.6 0.5 0.4
2 3.7 45 3.7 3.2
3 1.8 2.0 1.6 1.8
4 04 0.0 0.7 0.3
5 04 0.0 1.0 0.6
6 2.6 2.9 2.6 3.1
7 2.0 2.2 2.1 2.3
8 1.3 1.9 1.7 1.9
9 0.1 0.0 0.3 0.3
10 3.0 3.0 2.3 3.5
11 0.1 0.0 0.3 0.2
12 41 48 4.2 5.0
13 0.3 0.5 0.8 0.6
14 0.0 0.0 04 0.1

Tab. 5/ Tab. 5 Porovnani ¢asu stanoveni, objemu vzorku a vy-
baveni testovanych metod / Time consumption, sample volume
and apparatus used in the applications

MSM6019369701). Objem Cas méfeni /
. vzorku / Measurement
Lektoroval doc. Ing. Jan Savel, CSc. Metoda / Sample | Vybaveni/ Equipment | _time (min)
Do redakce doslo 4. 1. 2007 Method volume 1 5
. vzorek / vzork /
Literatura / References ml sample samples
1. Analytica — EBC, EBC Analysis 7
) " Analyzator EcaFlow, Cela
Sggg'“ﬁ‘znssmcgf'“‘g‘étr;zﬁgj Elekirochemické EcaCell, E-T/AX elektoda)
Fachverlag method 9.25.1-3 metoda 10 PC s EcaSoft/ Analyser 15 30
5 ASBC Met’ho ds. 9 t.h 'e ditibn Electrochemical EcaFlow, Cela EcaCell,
) ; > . ) method E-T/AX electrode, PC
American Society of Brewing Che- with EcaSoft
mists, 2006, Method Beer-21.
3. Institute of Brewing, Recommen- ,
ded methods of analysis, Institute Fg.zgi(r)nor\g rrsntjt
of Brewing, London, 1991, Enzymova BoehriFr)lger Mannheim)
227-229. metoda / '
4. Monier-Williams, G.W.: A new Enzymatic 0.1 gzik:;(;f;éosrr;?tr/ 50 120
method for the determination of method (FI-Byio o oo
benzoic acid in foods. Analyst 52, EBC 9.25.2 Mannhgim) 9
1927, 572-575. g
5. llett, D.R.: Aspects of the analy- R
sis, role, and fate of sulfur dioxide .
in beer-review. Tech. Q. Master Spektrr:gt)(t)%gjtncka Spekirofotometr,
Brew. Assoc. Am. 32(4), 1995, . Vodni lazen /
213-221. Spectﬁggvﬁégmemc 10° 1 spektrophotomet: o)
6. Boehringer Mannheim/R-Biop- EBC 9.25.3 water bath
harm, Enzymatic Bioanalysis/ -
/Food Analysis. Enzymovy kit pro N
stanoveni celkového SO, v po- Monier-Williams ?g S:?ﬁg:,z%%a%gg;lé
travinach a jinych materialech. metoda / | éhpev s dusiké m/
7. Chapon, L., Chapon, C., Djeuga, Monier-Williams 100 ] S 40 200
N.: Free sulfite in beers-kinetic method e gmgﬁtle réssure
studies. J. Am. Soc. Brew. Chem. EBC 9.25.1 i S s
40, 1982, 31-39. y 9

3. dil, 760-762.
sia 30(2), 2005, 132—-137.
10.

203-205.
11.

. Guido, F.L.: How do sulfites help to control beer ageing? Cerevi-

Fernandes, S.M., Rangel, A.O.S.S.: Determination of total sulfur
dioxide in beer by flow injection spectrophotometry using gas-dif-
fusion and the merging zones technique. J. Inst. Brew. 104, 1998,

Akasaka, K. a kol.: Fluorometric determination of sulfite in wine by
N-(9-acridinyl)maleimide. Agric. Biol. Chem. 54, 1990, 501-504.

. Basarfova, G. a kol.: Pivovarsko-sladarska analytika, Merkanta,

Comparison of sample volume, time
consumption and apparatus used for tes-
ted method is shown in Tab. 5. From the
Tab. 5 is evident that the electrochemical
method proved to be faster and simpler
than the other EBC methods.

4 CONCLUSION

The new developed method was opti-
mized and compared with standard EBC
methods: 9.25.1. — Total Sulphur Dioxide
in Beer: Distillation method, 9.25.2 — Total
Sulphur Dioxide in Beer: Enzymatic met-
hod and 9.25.3 — Total Sulphur Dioxide in
Beer: p-Rosaniline method. From the
ANOVA test results that there is no statis-
tically significant difference between these
methods at the 95 % confidence level, so
the electrochemical chronopotentiometric
method is comparable with presented
EBC methods.

The electrochemical method proved to
be faster and simpler than the other EBC
methods.

The values of relative standard devia-
tion and repeatability obtained with the
electrochemical method were similar to
the results measured with the distillation
method and lower than those obtained by

the enzymatic and spectrophotome-
tric methods.
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