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Aspects of the Analysis, Role, and fate of 
Sulphur Dioxide in Beer · A Review 

1{ChniCal \Juarterly 

By O.R. lIett 

ABSTRACT 
Sulphur dioxide is present in all beers. It is produced by yeast and 

is sometimes added during the brewing process, or to beer. This 
review considers the role of S02 in masking stale tlavors and in pro­
tecting beer from oxidation and microbial spoilage. The fate of S02 
during beer storage and the analysis of S02 in beer are discussed. 
Alternatives to S02 are evaluated. 
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THI OIFfIRINT fORMS Of SULPHUR OIOKIDI 

In dilute aqueous solution, sulphur dioxide exists in several 
forms (S02.H20; HSO); S02.s) depending on the pH of the solu­
tion (Fig. I ). At low pH the undissociated form of S02 is weak­
ly bound to water and is not in the free acid form, as might be 
expected.(69) At  the usual pH of beers (3.8 - 4.4), most of the S02 
is present as HS03 (the bisulphite or hydrogensulphite anion). In 
this review the terms sulphur dioxide and sulphite will be used 
interchangeably to represent all forms of S02' 

"Free S02" in beer includes gaseous S02' S02.H20, HS03 
and S02.s. "Bound S02" includes that bound reversibly to com­
pounds such as aldehydes, ketones and sugars. An equilibrium 
exists between free and bound S02' Total concentrations of S02 
in beer typically range from < 1 to 30 mg/l, but occasionally 
higher concentrations are found. 

The flavor detection threshold of S02 in beer is approximate­
ly 20 mg/I'(46) At higher concentrations (e.g. >30 mg/l) it can 
adversely affect  beer flavor, giving rise to undesirable f1avors.(14) 

Sulphur dioxide has three main actions in beer. Firstly, it 
reduces the rate of oxidation, causing a reduction in the rate of 
development of oxidation haze and stale flavors. Secondly, it 
forms adducts with carbonyl compounds to form a-hydroxy­
suI phonates, thus limiting the flavor impact of any stale flavor 
due to these compounds.(52) Thirdly, at high concentrations, S02 
has antimicrobial properties. The undissociated form (S02.H20) 
is the most potent bacteriostat, but HS03 can still be effective 
when "free." In many modem beers the ability to protect against 
spoilage by yeast and bacteria is weak,(31) because although the 
S02 is present as HS03, at typical beer pH most of this is 
"bound." 

. 

sl.nsls 
EI dioxido de sulfuro esta presente en todas las cervezas. Es pro­

ducido por la levadura y algunas veces anadido durante el proceso, 0 
en la cerveza. Este resumen considera el rol del dioxido de sulfato en 
enmascarar sabores viejos y en protege .. a la cerveza de la oxidacion 
y el estropeo mocrobial. Se discute el fuerte del dioxido de sulfato 
durante el almacenamiento de la cerveza y el anal isis del dioxide de 
sulfato en la cerveza. Altemativas al dioxide de sulfato son evaluadas. 
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The effect of pH on the equilibria of S02 species 
in aqueous solution 

SOURCIS Of S02 IN BIIR 

Table I shows the uses of S02 in the brewing industry. 
Sulphur dioxide can be derived from yeast metabolism, from 
addition of sulphiting agents ( Table 2), or as a component of fin­
ings or primings. 

Sulphur dioxide is used as a preservative for several raw 
materials and processing aids. During an investigation of the 
contribution of sulphited hops to the S02 content of beer, 
Klopper(41) found that the hop rate he used corresponded to an 
S02 dosage of 3 - 4 mg/l, but that this was almost entirely lost 
during wort boiling. Sulphur dioxide can be used as a preserva­
tive in syrups made from starch (2 - 40 mg/I). Sulphur dioxide 
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TABLE 1 
Uses of S02 in the Brewing Industry 

Stage of Beer 
Production Use of S02 

malt kilning control N-nitrosodimethylamine (NOMA) 

formation, bleach malt by burning sulphur 

kilning of hops bleaching agent, preservative 

storage of syrups preservative 

storage of finings preservative 

fermentation vessels antimicrobial agent 

proteolytic enzymes preservative 

beer additive antioxidant, preservative 

can also be added indirectly to beer during processing since it is 
used as a preservative in isinglass finingsJ29) Finings are stored 
at breweries with up to 500 mg/l sulphite. At typical finings dos­
ing rates (I part finings per 1 00 parts beer) this gives up to 5 
mgtl in the final beer. 

Some strains of Saccharomyces cerevisiae produce about 1 0  
- 30 mg S02/1 during the synthesis of the sulphur-containing 
amino acids, cysteine and methionine, from sulphate (Fig. 2).(18) 
Lager strains generally produce more S02 than do ale strains.(32) 
Crumplen et al.( 15) used 12 different yeast strains and found that 
the ale yeasts produced less than 2 mg/I, while the lager strains 
produced more than 4 mg/l. 

Sulphate is converted to APS (adenosine-5' -phosphosul­
phate) by the enzyme ATP-sulphurylase. APS is then converted 
to PAPS (3' -phosphoadenosine-5' -phosphosulphate) which 
gives sulphite and ADP. Sulphite reductase reduces the sulphite 
to sulphide which is used to produce amino acids. This pathway 
is controlled by feedback inhibition of the ATP-sulphurylase.(7) 
If more sulphite is produced than is needed for amino acid syn­
thesis, the excess is released into the beer. 

Many factors influence sulphite production by yeast, e.g. 
pitching rate, fermentation temperature, wort pH, wort strength, 
pressure, trub content and wort aeration. Brewer and Fenton(7) 
showed the optimum temperature for S02 formation by one 
strain of Sacch. cerevisiae to be about 16°C. Sulphur dioxide is 
first detected 15 - 20 hours after pitching. Sulphur dioxide for­
mation is also increased by using high wort pH, low wort oxy­
genation or a low yeast pitching rateJ51) 

TABLE 2 
Chemicals Used as Sulphiting Agents 

Chemical 

sulphur dioxide (sulphurous acid) 

sodium sulphite 

sodium hydrogensulphite 

sodium metabisulphite 

potassium metabisulphite 

calcium sulphite 

calcium hydrogensulphite (bisulphite) 

E Number 

E220 

E221 

E222 

E223 

E224 

E226 

E227 

Yeasts are able to reduce carbonyl compounds to alcohols 
during fermentation. However, if the carbonyls are bound to S02 
this may protect them from being reducedJl7) For instance, if 
large amounts of S02 are produced during fermentation this can 
result in a higher carbonyl content in the fresh beer in the form 
of carbonyl-bisulphite adducts. Carbonyls are then released as 
the S02 reacts with other beer components.(I7) It has been sug­
gested that it may be better to use a sulphiting agent after fer­
mentation to minimize the quantity of aldehydes present, rather 
than encourage production of S02 by yeast. Low alcohol beers 
generally have yeast-derived S02 levels that are too low to offer 
much protection against carbonylsJ51) 

Some of the materials used as sulphiting agents are shown in 
Table 2. The rate of addition of S02 for beer stabilization, legis­
lation permitting, is usually in the range of 10- 25 mg/I(44), most 
beer contains < to mg/l. 

There are problems associated with the addition of S02 to 
beer. Overuse can lead to sulphury off-flavors, and addition of 
excessive S02, prior to wort boiling, can have a detrimental 
effect on beer foam.(6,14) 

sulphate 

ATP \1 ATP-sulphurylase 

PPi � 
adenosine-51-phosphosulphate ( APS) 

AlP \1 APS-kinase 

ADP � 
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NADPH2 l (PAPS) 

PAPS-reductase 
NADP 

sulphite + ADP 

NADPH2l 
sulphite reductase 
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sulphide 

I 
+ 

sulphur containing amino acids 

Fig. 2 
The formation and use of S02 in yeast metabolism 

(ATP = adenosine triphosphate, ADP = adenosine diphosphate, 
NAOP = nicotinamide adenine dinucleotide phosphate, 

PPi = inorganic pyrophosphate) 
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ANALYSIS Of S02 IN BIIR 

The ideal method for analysis of S02 in beer should (i) allow 
reliable determination of S02 at levels typically encountered in 
the product; (ii) be rapid and not labor-intensive; (iii) allow mea­
surement of total and/or free S02; (iv) be inexpensive, and (v) 
not present any safety hazards. 

Analysis methods can be split into direct and indirect meth­
ods. Indirect methods are those that require separation of S02 
prior to analysis (e.g. distillation procedures). 

The European Brewery Convention (E BC) currently recom­
mends three methods: the Monier-Williams distillation method 
a Spectrophotometric method using dithiobisnitrobenzoic acid 
(DTNB), and an enzymic procedure employing sulphite reduc­
tase.(20) The American Society of Brewing Chemists (ASBC) 
recommends a colorimetric method using p-rosaniline.(2) The 
Institute of Brewing (lOB) recommends a distillation procedure 
based on the Monier-Williams method and also the p-rosaniline 
method. (35) 

Distillation methods 

Distillation methods are among the most widely used proce­
dures for analysis of S02 in food and beverages. Most are adap­
tations of the Monier-Williams(48) distillation to convert the 
bisulphite ion to the more volatile S02.H20. The solution is 
refluxed and released S02 is trapped and simultaneously con­
verted to H2S04 by reaction with H202. The H2S04 produced is 
titrated against NaOH. This method has the advantage of sim­
plicity and accuracy, but the distillation step can take an hour or 
more. Consequently it is not suited to situations in which a rapid 
turnover of samples is required. 

Modifications include the use of o-phosphoric acid instead of 
HCI and addition of methanol to the sample prior to distillation 
to lower the reflux temperature.<70) Analysis time can be reduced 
using a downward condenser and titrating the H2S04 with alkali. 
However, these modifications can also lead to co-distillation of 
aldehydes during the analysis. These aldehydes can bind to S02 
in the distillate, leading to analysis errors. Interferences due to 
co-distillation of other reducing compounds have also been 
encountered. A rapid distillation method was recommended by 
the lOB for rapid quality control purposes (method 8.2.2), but 
it is no longer considered to be suitable because of its poor 
precision.(5) 

lodometric methods 

lodometric titrations have long been used for pale or uncol­
ored foods!beverages. The earliest published method is that of 
Ripper.!56) Free and total S02 can be measured by careful pH 
adjustment, but interferences can occur due to other reducing 
materials in foods. Also at low concentrations «32 mg/I S02) 
the speed of the reaction between iodine and S02 is very slow 
and causes the end point to be blurred.!13) An alternative to visu­
al determination of the end point is to use an electrometric pro­
cedure.<34) This also permits colored samples to be analyzed. 

Spectrophotometric methods 

Many of the direct spectrophotometric methods used to ana­
lyze S02 in foods and beverages are based on the reaction 
between S02' p-rosaniline and formaldehyde (Fig. 3). Originally 
fuchsin (a less pure form of p-rosaniline) was used in a test for 

aldehydes.(61) Steigman(59) modified the reaction conditions to 
measure sulphites, exploiting the reaction of the sulphite-fuchsin 
complex with formaldehyde. This dye produced in the reaction 
is acid resistant. Stone and Laschiver's method(61) for S02 in 
beer has the advantage that it can measure both free and bound 
S02' The procedure relies on the ability of tetrachloromercurate 
(II) ions to bind to sulphite released by exposure of the samples 
to alkali, thus preventing the sulphite from recombining with 
carbonyls. The total S02 concentration can then be determined. 
Absorbance of the sample is measured at 500 nm and the S02 
concentration is derived from calibration graphs. Drawbacks of 
this method include the fact that p-rosaniline is a potential car­
cinogen and that mercury is toxic.<43,73) However, this has not 
prevented the method from being widely used as it is precise, 
allows measurement of free and total S02' and it can be auto­
mated. 

Another spectrophotometric method uses DTN B 
[Dithiobis(2-nitrobenzoic acid)] as the color reagent after a dis­
tillation step. It was originally developed to analyze ginger 
ale. (72) It has been adapted as a recommended method for total 
S02 in beer (0 - 20 mg/l) by the E BC,<20) Sulphur dioxide is dis­
tilled from acidified 25 ml samples into a buffered DTN B solu­
tion, with a nitrogen carrier gas. The absorbance is measured at 
415 nm. 

STEP 1 
AdJust beer pH 
In presence of 

mercuric chloride 
to release and 
stabilise SO. 

STEP 4 
Measure the 

absorbance of the 
p-rosaniline-sulphite 

complex at 550nm 

Fig. 3 

STEP 2 
React diluted 
sample with 

formaldehyde 
solution to 

form sulphite 
adduct 

1 
STEP 3 

React sample with 
p-rosanlllne reagent 
and allow colour to 
develop for 30 min. 

at 25°C 

Scheme for the colorimetric analysis of S02 using p-rosaniline 

Flow Injection Analysis 

In a flow injection analysis system the sample is injected into 
a carrier stream which merges and mixes with a reagent stream. 
The resultant reaction products are quantified using a f1ow­
through detector (Fig. 4). Flow injection analyses offer several 
advantages over manual methods. Greater numbers of samples 
can be run for the same degree of operator effort. In addition, 
there is less operator contact with hazardous chemicals. 

Most flow injection analyses are adaptations of spectrophoto­
metric methods. In one system, the sample is injected into the 
carrier stream which contains NaOH to release bound sulphites. 
The pH is lowered with H2S04 and the S02 released from the 
sample is carried to a gas diffusion membrane which it crosses 
�eaving the larger (usually colored) molecules behind. The SO� 
IS then reacted with malachite green or p-rosaniline to give a 
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colored product which is measured using a spectrophotometer.(H) 
A flow injection analysis system has also been described which 
allows analysis of sulphite in wine using an immobilized sul­
phite oxidase reactor.(45) Another system uses electrochemical 
detection with a specially-treated, glassy carbon electrode.(23) 

� sample I 

Fig. 4 
A flow injection analysis system 

Selective Electrodes 

Selective Electrodes can be split into enzymic and non­
enzymic systems, of which the enzymic types are most common. 
Enzymic electrodes are mostly based on the use of sulphite oxi­
dase to catalyze oxidation of sulphite to sulphate. 

Fassnidge and Van Engel(21) evaluated an electrode for use in 
beer, which was based on the dissolved oxygen electrode and 
contained sulphite oxidase on the membrane. Sulphite was 
detected amperometrically as the oxygen in the sample was 
depleted during the oxidation process. The presence of yeast in 
the samples led to erratic results. Interference also resulted from 
the presence of either ascorbic acid or cysteine. 

Other electrodes feature the use of gas-permeable mem­
branes, through which S02 can pass into the filling solution (Fig. 
5). Etherington(19) compared the Tacussel ADS- I with other 
methods of S02 analysis for wines and found it quicker and 
more accurate than the Ripper method (an iodometric titra­
tion).(56) In this electrode a 700 m V potential converts sulphite 
to sulphate. The current generated is proportional to S02 con­
centration. H2S is the only other compound that is oxidized at 
this potential, but because it is present at low concentration in 
beer (typically < IOpg/l),(64) it causes little interference. 

glass electrode reference electrode 

filling 
solution 
(HSO; ) 

�imi��rnbrl�-gas permeable 
membrane 

Fig. 5 
A sulphite selective electrode 

Enzymic determination 

Boehringer-Mannheim produce a kit for total sulphurous acid 
(free and bound sulphite) determination which exploits the fol­
lowing reactions: 

S02l· + H a .I'u/phil/' oxjda\'l' � H a + S02. . 2 2 2 4 (I) 

(*NADH = Nicotinamide Adenine Dinucleotide, reduced form) 

The concentration of sulphite can be calculated from the 
changes in absorbence of NADH at 340 nm. 

Jacobsen el a/(36) compared results obtained with the EBC 
distillation method with those obtained from this enzymic 
method. Beer samples were degassed and either analyzed direct­
ly or pretreated with bentonite to remove interfering substances. 
Absorbance values were measured after 30 minutes and there­
after every 5 minutes until a change in reaction rate occurred. 
Both treated and untreated samples were measured, and the 
results were calculated with and without correction (by graphi­
cal extrapolation) for interference reactions caused by other 
NADH-oxidizing compounds present in beer. 

Gas chromatographic methods 

Headspace analysis 

Free and bound S02 can be measured by heads pace gas chro­
matography using a flame photometric detector (FPD). In one 
procedure, bound S02 is released from solution by addition of 
alkali, then trapped using tetrachloromercurate (II) ions. The 
sample is then acidified to restore it to its original pH value. 
Such GC method can be calibrated using a separately prepared 
standard curve,(49) or by using a sulphur-containing compound 
as an internal standard. 

Chemi luminescence detection provides an alternative to 
FPD. Osborne(53) found that it was more sensitive than the avail­
able FPD and gave a linear rather than logarithmic re ponse to 
the analyte. 

Ion chromatography 

Anderson el a/.(3) developed a method to analyze sulphite in 
foods which requires a IO-minute flash distillation. The S02 is 
reduced by phosphoric acid and is collected in an ice-cold trap­
ping solution, consisting of 0.1 M NaOH and I gil formaldehyde. 
The samples are analyzed by ion chromatography, using electro­
chemical detection, to give a value for total S02' Free S02 is 
measured by mixing the homogenized food directly with the 
trapping solution. 

Problems can occur using ion chromatography in beer due to 
the high sulphate and low sulphite levels present.(55) Careful 
selection of chromatography conditions is needed to avoid inter­
ference problems. 

Ion exclusion chromatography 

These methods use a liquid chromatography system equipped 
with a strong anion exclusion column and electrochemical 
detection. The interferences a sociated with ion chromatography 
can be overcome using a mobile phase containing sulphuric 
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acid, so that the sulphite is present as S02.H20.(40) Frost(2S) used 

a 25 mM sulphuric acid eluent with a total analysis time of 6 min 
per sample. D-Mannitol can be used to minimize oxidation of 

sulphite. Wagner and McGarrity(63) used pulsed amperometric 

detection to avoid the loss of detector sensitivity that occurs 
with time when direct amperometry is used. This occurs as the 

working electrode becomes contaminated and can lead to a loss 

of up to 40% sensitivity over an 8-hour period.(40) 

High performance liquid chromatography (HPLC) 

Akasaka el al.(I) described a fluorometric method for deter­

mination of sulphite in wine using N-(9-acridinyl)-maleimide 
(NAM). The sulphite reacts with the NAM to give a fluorescent 
product. The fluorescence intensity at 436 nm is proportional to 

the sulphite content of the sample. The method can be adapted 
to provide an HPLC method. This method requires sample vol­

umes of less than I 00 �l. The time-limiting factor for both 
assays is the reaction between sulphite and NAM (2 h at 35°C 

for batch method or 30 min. at 50°C using HPLC). The HPLC 
determination takes 10 minutes. 

Comparison of methods 

There are many examples in the literature of method com­

parisons and it is usual when a new method i published to com­
pare the results with those obtained using established methods, 

e.g. Monier-Williams distillation.(8,37) In reviewing methodolo­
gy for measuring S02, Fazio and Warner<22) found little compar­

ative data at, or around the legal limit, for S02 in beer in the 

USA. However, they also found that the development of meth­
ods was continuing. 

The lOB Analysis Committee carried out a collaborative 
study involving eight laboratories in which four methods of S02 
analysis (p-rosaniline, Monier-William , DTNB and lOB rapid 

distillation) were compared.(S) Beers containing I - 40 mg/l S02 

were included in the trial. The best precision was obtained using 

the p-rosaniline method. This was closely followed by the 

Monier-Williams distillation. 

LEGAL STATUS Of S02 IN BIER 

Permissible limits and purity criteria 

Restrictions apply in many countries to the levels of S02 
permitted in beer. The limits are set for total S02 (free and 
reversibly bound S02)' Current limits are summarized in Table 
3. A European Community directive on food additives sets lim­

it of 20 mg S02/1 in beer and 30 mg/I in cask-conditioned beers. 
Generally, limits for ciders and wine are higher, e.g. 200 mg/I 
for cider and 450 mg/I for wine in the UK.(47) Sulphiting agents 
for use in beer must meet certain criteria of purity. Table 4 shows 
the purity requirements which apply in the USA.(24) 

Another additive that can increase the S02 levels in beer is 
sodium dithionite. This is added to beers in some countries as an 
antioxidant. It oxidizes in aqueous solution to give S02, using a 
molecule of oxygen in the process'(60) 

TABLE 3 
Legal Limits for Total S02 in Beers 

(as of September 1 994) 

Country Limit (mg/l) Notes 

UK(1} 70 

USA 25 > 10 mg/I must be labeled 

Canada 15 

Australia 25 

New Zealand 25 

Denmark(1} 20 

France(1 } 100 residual S02 

50 sulphurous acid and alkali sulphites 

Ireland(1} 70 

Italy(1 } 20 not allowed as an additive 

Luxembourg(1 } 10 20mg/1 for beer or original gravity 
not less than 15.5 degrees Plato 

Netherlands(1 } 10 20mg/l for beer of original gravity 
not less than 15.5 degrees Plato 

Belgium(1} 10 20 mg/l for beer of original gravity 
not less than 15.5 degrees Plato 

(1) will implement EC limits 20 mg/l. 

TABLE 4 
Purity Requirements for Sulphltlng Agents in the USA 

Sodium Sodium Sodium Sulphur 

blsulphile melabisulphile sulphite dioxide" 

Purity >58.5% and >90.0& Na2S20S >95.0% 99.9% S02 by 
<67.4% S02 Na2S03 weight 

Lead ns <10 mg/kg ns <10 mg/kg 

Heavy <10 mg/kg <20 mg/kg <10 mg/kg <30 mg/kg 

Melals 

(as Pb) 

Arsenic <3 mg/kg <3 mg/kg <3 mg/kg <3 mg/kg 

Iron <50 mg/kg <20 mg/kg ns ns 

Selenium <30 mg/kg <30 mg/kg <30 mg/kg <20 mg/kg 

• Also non-volatile residue <0.05% by weight and H20 <0.05% by weight.l24) 
ns = not specified. 

Toxicological aspects 

Free ulphite are not especially toxic to man (LDso = 65 -
2000 mg sulphiting agent/kg body weight for various mam­
mals).(62) a-Hydroxysulphonates usually decompose in the gas­
trointestinal tract, due to the low pH, to release S02.(27) 
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Sulphites can induce asthma in certain individuals (5 - I I  % 
of asthmatics are affected). Physiological effects include ana­
phylactic shock, headaches, abdominal pains, nausea, dizziness 
and hives.(22) Ingestion of high level of S02 has been impli­
cated in the deaths of a small number of sulphite-sensitive 
asthmatics.(n) 

The acceptable daily intake (ADI) of S02 is up to 245 
mg/person/day. The estimated intake of sulphite from beer is 
0.38 mg/person/day. Estimated intakes for other foods include: 
wine 0.81 - 3.68, dried fruit 0.59, pickles 0.008 and canned veg­
etables 0.325 mg/person/day. (62) 

In the human body, the enzyme sulphite oxidase converts sul­
phite to sulphate, which is then excreted in urine. This mecha­
nism is more than adequate to cope with the amounts of S02 
ingested in a nonnal diel.(26) 

ROUS 01 S02 IN BIER 

Antioxidant 

The presence of antioxidants in beers is important to help 
maintain fresh beer flavor. When oxidation occurs in beer, card­
board-like off-flavors develop due to the formation of carbonyl 
compounds, some of which have low flavor thresholds. 

The antioxidant effect of S02 is due in part to its reaction 
with oxygen to produce sulphate. 

2S0� + O2 -. 2S0� (11/ ) 

However, this reaction is not as simple as it first appears. It 
can take place alone, or catalytically in the presence of transition 
metal ions. There have been many mechanisms proposed to 
explain the antioxidant properties of S02 in foods.(69) All of 
them are possible schemes rather than proven pathways. 

Backstrom(4) proposed the following mechanism: 

Initiation 

Propagation SOj +02 -+ SOs 
SO's + HSOj -+ SO'j 

(IV) 
(M+ = metal ion) 

Oxidation HSOs + S02j • HS04 + S02;, 

(V) 

(VI) 

(VII) 

(VIII) 

This is the most widely quoted mechanism, but others have 
been proposed. Hayon el 01.(30) included S04 in the scheme. 
Larson el al,(42) suggested the involvement of the hydroxyl 
(OH,) radical in the propagating stages. Yang(74) proposed a 
mechanism in which superoxide and sulphite radicals were 
implicated. 

Both free and less strongly bound sulphite can act as antiox­
idants, although whether strongly bound sulphites have antioxi­
dant activity i questionable(13) Kaneda el 01,(30) used chemilu­
minescence detection as an indicator of beer staling. Their 
experiments showed 98-100% of the SO, to be bound, and so the 
effect of free S02 would be very small. However, production of 
chemiluminescence wa. inhibited by bound sulphite as well a 
by free sulphite, suggesting the bound forms could scavenge 

active oxygen and inhibit free radical reactions in beer. 
Masking stale flavors 

S02 can react reversibly with the carbonyl staling compounds 
in beer to form hydroxysulphonates (Fig. 6). The adducts fomled 
are non-volatile and therefore have much higher flavor thresh­
olds than the free carbonyls. Gjertson and Schouboe(2R) conduct­
ed taste tests using beer, beer with 13 mg/I acetaldehyde and 
beer with 13 mg/I acetaldehyde-sulphite adduct. They found that 
there was no statistical difference between the beer and beer 
with added adduct. However, both of these were preferred to the 
beer to which acetaldehyde had been added, thus showing the 
masking effect of the S02' 

Acetaldehyde has a high affinity for forming sulphite 
adduct . It has an apparent equilibrium constant of 1 .4 x 10-6 at 
pH 4, compared with 2.2 x 10-4 for pyruvic acid and 6.9 x 10-2 

for xylose.(9) The equilibrium constant (K) for the reaction 
between sulphite and carbonyls is given by the equation: 

K= [SO] x [free carbonyl] 2 
[carbonyl-sulphite adduct] 

(IX) 

The equilibrium constants of the adducts remain fairly con­
stant between pH 2 - 6: a pH range encompassing that for all 
beers. At pH > 7 dissociation of the adducts is favored to give 
the free carbonyl. At pH >2 the ad ducts are less stable due to the 
formation of S02.H20 which does not act as an efficient nucle­
ophile. The only competing reaction is that with water or 
hydroxide ions.(69) 

The structure of the carbonyl itself also influences formation 
of adducts. Steric hindrance, due to the shape of the carbonyl 
molecule can interfere with the approach of sulphite to the electron 

RR'C=O +HSO; 

highly flavour-active 

Fig. 6 

RR'C�OH 
'SO-

3 

weakly flavour-active 

Formation of a-hydroxysulphonates 

orbitals of the carbon atoms, thus making them less reactive. 
Antimicrobial activity 

The use of S02 to control microbial growth dates at least 
from the Romans. The biocidal/bio tatic activity of sulphiring 
agents is usually in the order: Gram-negative bacteria> Gram­
positi ve bacteria> molds> yeasts.(66) 

The undissociated fonn of S02 is the most effective and the 
antimicrobial action is therefore pH dependent.(26) Bound fonns 
of S02 (e.g. carbonyl-sulphite adducts) are ineffective as antimi­
crobial agents.(1O .38) 

There are various theories as to the mechanism(s) of the 
antimicrobial action. Formation of ATP in yeast under aerobic 
conditions is prevented by sulphites. It has also been suggested 
that sulphites interact with nucleic acids/58) interrupt glycer­
aldehyde-3-phosphate conversion to 1,3-diphosphoglycerate in 
yeasts and also interrupt the NAD dependent formation of 
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oxalate from malate in Escherichia COIi.(26.27) 
Mutagenic effects on E. coli have been reported but require 

S02 concentrations several thousands times higher than those 
found in beer.(5o.58,68) 

fAll Of S02 IN IIiR 

S02 levels in beers decrease on storage.(52) lIelt and 
Simpson(33) showed that the rate of S02 loss is pseudo first-order 
and that the rate of loss increases with storage temperature. The 
kinetics of the reaction are such that the rate of loss is not great­
ly affected by initial S02 content. Half-lives for total S02 loss 
from small packed beers lie in the range 3 - 6 months. 

This decrease is due to the reaction of S02 with components 
in beer. We have already seen that S02 will react with oxygen to 
give sulphate and can react reversibly with carbonyls. The reac­
tions of S02 with other components in beer have not been stud­
ied in depth. However, the fate of S02 has been studied in other 
foodstuffs. The results of these studies showed that losses of S02 
were due to reactions with quinones, thiamine, disulphide bonds, 
polyphenols, carbon-carbon double bonds or hydroperoxides 
(Fig. 7).(69) Another reaction which may account for consider­
able S02 losses in beer during storage is the inhibition of non­
enzymic browning. The S02 reacts with the carbon-carbon dou­
ble bonds in 3-deoxysulose , intermediates formed during 
Maillard browning, which occurs when reducing sugars react 
with amino acids, peptides or proteins. The sulphonates which 
are formed remove S02 irreversibly.(7I) 

Sulphur dioxide is also lost from cask-conditioned ales, 
which contain live yeast, during storage. This can result from 
conversion of S02 to H2S by the yeast enzyme sulphite reduc­
tase, a reaction which can result in formation of large amounts 
of H2S and an unacceptable change in beer flavor. Walker and 
Simp on(65) showed that minimization of the S02 content of 
such beers is a viable strategy for control of H2S. 

hydroperoxides 

Fig. 7 

non-enzymic 
browning 

intermediates 

Routes of S02 loss in food and beverages 

ALIIRNATlVIS TO S02 

Any attempt to replace the use of S02 in beer has to take into 
account the fact that S02 acts as an antioxidant, an antimicrobial 
agent and has the ability to reduce the flavor activity of car­
bonyts. Ascorbic acid (E300) is a commonly used antioxidant in 
the brewing industry, either alone or in combination with S02' It 
is an a-ketolactone, a weak acid and has a high reducing power. 
It protects beer against haze formation, stabilizes beer color and 
improves flavor stability.(54) The main disadvantage of its use is 
the pos ibility of coupled oxidation between ascorbic acid and 
other compounds in beer.(12) Ascorbic acid fixes one atom of the 
oxygen molecule so that activation of the remaining oxygen 
atom may lead to oxidation of non-autoxidizable material. This 
is a particular problem in the presence of heavy metal cations 
and in beer with a high oxygen content.(16) 

Beers also contain several naturally-occurring antioxidant 
materials and improved understanding and utilization of these 
materials is a current target. 

Endogenous substances, which provide protection from 
microbial attack, are also found in beers. These include ethanol, 
CO2 and hop bitter acids. To some extent the antimicrobial role 
of S02 is the least important of its properties for beer. However, 
S02 is used as a preservative in certain processing aids such as 
isinglass finings. The search for alternatives in this area contin­
ues, driven in part by the conversion of S02 to H2S in cask­
conditioned beer.(65) 

There are no acceptable alternatives to S02 as a binder for 
carbonyl compounds. Other compounds which react with car­
bonyls (e.g. 2,4-dinitrophenylhydrazine) are toxic. However, 
they can be used for analysis purposes.(J 1.57) 
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