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ABSTRACT

A rapid HPLC method with electrochemical detection for the determination of free and total sulphite and ascorbic acid in beer and
other beverages is presented. Interferences of these compounds are discussed, in addition to the behaviour in buffer solutions of
different pH. Only a dilution step is required before injecting the sample into the chromatographic system. To obtain better specificity
for these compounds, two different working electrodes (platinum for sulphite and carbon glass for ascorbic acid) with distinct potentials

are used.

INTRODUCTION

Sulphur compounds such as cysteine and gluta-
thione and disulphide bridges in peptides and pro-
teins, occurring naturally in the raw materials used
during the brewing process, may be oxidized to sul-
phite [1]. Yeast such as Saccharomyces carisbergenis
could reduce sulphate to sulphite. These redox
processes lead to sulphite contents up to 30 mg/l in
finished beers. Ascorbic acid is a powerful antiox-
idant in beer, preventing colour changes and alter-
ations of aroma and flavour and extending the stor-
age time of the bottled beverage. Normally between
30 and 50 mg/1 of ascorbic acid are incorporated in
the product.

The sulphite content in foods is often analysed
determined the Monier-Williams method [2], which
is time consuming and subject to interferences at
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low sulphite levels. Some alternative techniques for
the measurement of sulphite in food were summa-
rized by Kim et al. [3]; their paper was concerned
with a method using ion-exclusion chromatography
with electrochemical detection. Other workers have
reported comparison studies for the determination
of sulphite in food [4]. Most published methods are
time consuming because of the sample preparation
required [1,5]. Official methods for the European
brewing industry are published by the European
Brewery Convention (EBC) [6] and the Mitteleuro-
paische Brautechnische Analysenkommission (ME-
BAK) [7).

The accepted method of the AOAC for the deter-
mination of ascorbic acid is visual titration using
2,6~dichloroindophenol [8), which works poorly
with foods because of an ill-defined end-point. Oth-
er methods using isotachophoresis [9], differential-
pulse polarography [10] and HPLC with fluorimet-
ric [11], electrochemical [12-15] and UV detection
[16-18] have been reported. Chromatographic
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methods with derivatization steps have also been
published [19,20]. None of the reported HPLC
methods considered that sulphite and ascorbic acid
elute close together from the column and that this
tends to cause serious problems in the subsequent
determination of these two compounds even when
specific detectors such as electrochemical systems
are used (see Fig. 1a and b). Using a pulsed ampero-
metric detector combined with another ion-exclu-
sion column, some negative effects can be avoided
[21].

In this paper, the conditions for the determina-
tion of free and total sulphite and ascorbic acid in
beer by HPLC with electrochemical detection (ED)
are discussed.

EXPERIMENTAL

Reagents

Water for the preparation of the mobile phase
and the standards of sulphite and ascorbic acid
must be freshly distilled and degassed with helium
to prevent oxidation. Before use, oxygen and car-
bon dioxide were removed in an ultrasonic bath.
Ascorbic acid, sodium metabisulphite, metaphos-
phoric acid and sulphuric acid were of analytical-
reagent grade from Merck (Darmstadt, Germany)
and mannitol was obtained from Sigma (St. Louis,
MO, USA). Standard solutions were prepared
freshly before use.

Apparatus

The chromatographic system consisted of a Mod-
¢l 64 HPLC pump from Knauer (Berlin, Germany),
a Rheodyne (Cotati, CA, USA) Model 7110 injec-
tion valve and an Amor electrochemical detector
from Spark (Emmen, Netherlands) with a glassy
carbon and a platinum electrode. The column used
for ion-exchange chromatography was a “Fast
Acid” (100 x 7.8 mm [.D.) with a Cation H guard
column (30 x 4.6 mm 1.D.) or Aminex HPX 87H
(300 x 7.8 mm L.D.), from Bio-Rad Labs. (Rich-
mond, CA, USA).

Chromatographic conditions

The eluent was 0.005 M sulphuric acid containing
0.001 M chloride (NaCl as used) at a flow-rate of 1
ml/min. The temperature was ambient and the sam-
ple volume was 20 pul.
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The detector conditions were as follows: for sul-
phite, platinum working electrode, Ag/AgCl refer-
ence electrode, potential + 0.4 V; and for ascorbic
acid, glassy carbon working electrode, Ag/AgCl ref-
erence electrode, potential +0.6 V.

Procedure

Buffer and stock standard solutions for the deter-
mination of sulphite. Buffer 1 for free sulphite was
0.005 M sulphuric acid—0.01 M mannitol (pH 2.3)
and buffer 2 for total sulphite was 0.02 M
Na,HPO,—0.01 M mannitol, (pH 8.9). A stock
standard solution containing 7.4 g of Na,S,05 +
37.5 mg of EDTA in 1 1 of degassed water was pre-
pared. A working standard solution (5 ppm) was
prepared by dilution of the stock standard solution
1:1000 with distilled water and adding 37.5 mg/1 of
EDTA. The latter solution must be prepared freshly
every day.

Stock standard solution of ascorbic acid. A 15-g
amount of metaphosphoric acid was dissolved in 11
of cold, degassed water in a volumetric flask (stabi-
lizing the ascorbic acid), then 50 mg of ascorbic acid
were weighed and dissolved in the acidic solution.
This solution must be prepared freshly every day.

Sample preparation for free sulphite. A 2-ml vol-
ume of a cold beer sample (2°C) was transferred
into a 25-ml volumetric flask containing about 20
ml of buffer 1 and diluted to volume with buffer 1.

Sample preparation for total sulphite. The same
procedure as for the determination of free sulphite
was used except that buffer 2 was used instead of
buffer 1.

Sample preparation for ascorbic acid. A 2-ml of a
cold beer sample (2°C) was transfered into a 25-ml
volumetric flask containing 20 ml of 1.5% meta-
phosphoric acid. The air above the solution was re-
moved by flushing with helium. The solution was
then diluted to volume with 1.5% metaphosphoric
acid. This solution must be analysed immediately.

Enzymatic reactions. For sulphite, Boehringer
Mannheim Sulfite-Kit, Order No. 725854, and, for
ascorbic acid, Boehringer Mannheim L-Ascorbic-
Kit, Order No. 409677, were employed.

Samples. The following were used: 1 = lager
beer; 2 = export beer 1; 3 = export beer 2; 4 =
dark beer; 5 = pilsner 1; 6 = pilsner 2; 7 = pilsner
3; 8 = light beer; 9 = non-alcoholic beer; 10 =
“weizen” beer.
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RESULTS AND DISCUSSION

Different pH values allow the measurement of

vailets a0

free and total sulphite using HPLC with electro-
chemical detection. At pH 8 sulphite, which is
bound to various aldehydes, is set free and then
measured as free sulphite At pH 2 it is possible to
detect only free sulphite. For stabilizing sulphite it
is essential to add mannitol [3] to the buffers.

If both ascorbic acid and sulphite are present in
the beer sample, difficulties arise when using the
“Fast Acid” column. Both have very similar reten-
tion times (Fig. 1a and b), and they are electrochem-
ically active. Fig 2a—c show the detector response
for sulphite and ascorbic acid for various pH values
and different working electrodes of the electro-
chemical detector. The dilutions 11(1 pH 2 buffer
show considerable responses at all potentials for
free sulphite and ascorbic acid using the platinum
working electrode (Fig. 2a). This means that it is
impossible to determine free sulphite in the presence

Af acnnrhics anid in tha cames min PEPON 1
of ascorbic acid in the same run, because ascorbic

acid is fairly stable at this pH (se¢ Fig. 3a). At pH 8
ascorbic acid is destroyed within a ‘short time (15
min), whereas sulphite is relatively stable. There is
no interference by ascorbic acid (Fig. 3b). For the
determination of free suiphite in food and beverag-
es the content of ascorbic acid must be known and
the integrator counts corrected. otherwise too high
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results are obtained.

The calibration graphs obtained using external
standards (correlation coefficient 0.999) are linear
within a wide range up to 50 mg/l, but the slopes are
different. Separate calibrations for free and total
sulphite must be used. The highest response for sul-
phite was found at +0.4 V. This is the potential for
the lowest response for ascorbic acid. The detection
limit for sulphite is about 0.1 mg/L.

To show the efficiency and the recovery of the
method, different amount of sodium metabisulphite
were added to a beer containing ascorbic acid. Ta-
ble I shows the results of these experiments. The
determination of ascorbic acid suffers minor prob-
lems, because sulphite shows no response at the car-
bon glass electrode below +0.6 V. Above this po-
tential, e.g., +0.8 V, as described in the literature
[13], a higher response for ascorbic acid may be

founds because of interference ]'\v sulnhite. Ag as-
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corbic acid is also unstable in a01d1c solution, it
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Fig. 1. (a) Chromatogram of a beer sample containing 1.5 mg/l
S0O,. Column, “Fast Acid”; eluent, 0. 005 M sulphuric

nud—vn 001 M chloride (NGCI}, ﬂuw-naw, Im nu, Auiﬂ; {wnny\anuuu,

ambient; sample volume, 20 pl, detector conditions, Pt working
electrode, Ag/AgCI reference electrode, potential +0.4 V; sam-
ple preparation, beer was diluted 2:25 in buffer (0.02 M
Na,HPO,-0.01 M mannitol, pH 8.9). (b) Chromatogram of a
beer sample containing 20 mg/] ascorbic acid. HPLC conditions
as in (a); detector conditions, glassy carbon working electrode,
Ag/AgCl reference electrode, potential +0.6 V; sample prep-
aration, beer was diluted 2:25 with 1.5% metaphosphoric acid.
(c¢) Chromatogram of a beer sample spiked with ascorbic acid
and SO,. Column, Aminex HPX 87H (300 x 7.8 mm LD.),
other HPLC conditions as in (a); detector conditions, Pt working
electrode, Ag/AgCl reference electrode, potential +0.56 V; sam-
ple preparation, beer was diluted 2:25 in buffer (0.005 M sul-
phuric acid-0.01 M mannitol, pH 2.3). Peaks: 1 = ascorbic acid;
2 = SO,.
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Fig. 3. (a) Different responses of ascorbic acid with the glassy carbon electrode with a potential of +0.6 V. The sample was prepared in
different buffer solutions: % = buffer 2 (0.02 M Na,HPO,-0.01 M mannitol, pH 8.9); + = buffer 1 (0.005 M sulphuric acid-0.01 M
mannitol, pH 2.3); x = 0.1% metaphosphoric acid; O = 1.5% metaphosphoric acid. (b) Different responses of ascorbic acid and
sulphite under the same chromatographic conditions as in (a). 0 = Response for ascorbic acid in buffer 2; x = response for ascorbic
acid in buffer 1; + = response for sulphite in buffer 1; % = response for sulphite in buffer 2.

should be determined immediately. The detection
limit for ascorbic acid is about 0.5 mg/l.

Fig. 3a shows the decrease in ascorbic acid in var-
ious solutions. This should be kept in mind when
working with automatic sample devices. The cali-
bration graph with external standards is linear up to
50 mg/1 (correlation coefficient 0.998). The recovery
for this measurement is 97-100%. The results ob-
tained with the developed method for ascorbic acid
are in good agreement with those given by another
HPLC method [12] and with the enzymatic test. The

TABLE 1

values correspond within + 1 mg/l at a level of 20
mg/1 (see Table II).

The separation of ascorbic acid and sulphite can
be achieved under similar chromatographic condi-
tions by using a longer ion-exchange column filled
with the same resin as “Fast Acid” [.e.g, Aminex
HPX 87H (300 x 7.8 mm L.D.); Fig. 1c]. The main
differences are the flow-rate (0.6 ml/min) and the
detector voltage (0.56 V for a Pt working electrode
or 0.8 V for a glassy carbon working electrode).
Details can be seen in Fig. 2a and b. These condi-

RECOVERY FOR MEASUREMENT OF TOTAL AND FREE SULPHITE AND ASCORBIC ACID

Sample Total sulphite Free sulphite Ascorbic acid
Found (ppm) Recovery Found (ppm) Recovery  Found (ppm) Recovery

(%) (%) (%)
Beer 6.6 - 1.0 -
Beer + 10 ppm sulphite 18.2 110 12.0 111
Beer + 20 ppm sulphite 28.6 108 220 105
Beer + 30 ppm sulphite 374 102 31.5 102
Beer 18.0 -
Beer + 2 ppm ascorbic acid 19.6 98
Beer + 4 ppm ascorbic acid 22.0 100
Beer + 10 ppm ascorbic acid 276 99
Beer + 20 ppm ascorbic acid 36.8 97
Beer + 40 ppm ascorbic acid 58.1 100
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TABLE II

COMPARISON OF DIFFERENT METHODS FOR THE
DETERMINATION OF ASCORBIC ACID IN DIFFERENT
TYPES OF BEER

Beer Ascorbic acid (mg/mi)
No.
HPLC-ED HPLC-ED  Enzymatic
on HPX on RP-18 test
column 87H column [12]
1 21 19 20
2 20 21 18
3 19 20 19
4 17 15 17
5 43 33 34
6 17 19 32
7 28 25 24
8 10 12 -
9 33 33 -
10 21 21 19

tions give the best sensitivity for both compounds.

The application of this column is limited to the
simultanous determination of ascorbic acid and free
suiphite. Because of the degradation of ascorbic
acid under basic conditions the determination of to-

tal sulphite and ascorbic acid is not possible (Fig.

3b). For total sulphite the “Fast Acid” column (100
x 7.8 mm I.D.) is the best choice, giving a short

TABLE 11
COMPARISON OF DIFFERENT METHODS FOR THE
DETERMINATION QF SULPHITE IN DIFFERENT
TYPES OF BEER
Beer Sulphite (mg/l)
No.
HPLC-ED EBC MEBAK Enzymatic
titrimetric [6] photometric [7]

1 30 1 3 7

2 3.5 1 12 7

3 4.0 1 10 7

4 2.5 1 - 9

5 3.0 1 7 5

6 5.5 1 8 8

7 4.0 1 5 7

8 55 1 11 5

9 1.0 1 2 2

10 7.0 1 7 7
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working electrode, no interferences by ascorblc
acid).

The reference methods for the European brewing
industry [6,7] measure only the content of total sul-

pmte in beer. Table III glVGS the resuits for the EBC

distillation—titrimetric method No. 9.12.1 [6], the
MERAK nhotometric rosaniline method No. 7.24.1
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[7] and the enzymatic test from Boehringer (Mann-
heim, Germany), which also detects only total sul-
phite. These results indicate that the levels obtained
depend on the method used. The highest values are
obtained with the photometric rosaniiine meihod.
Compared with the other methods, it seems that
some other compounds react in addition to sul-
phite. The problems with the enzymatic test are the
high absorbance (2.0), the low absorbance differ-
ence (0.1) and non-specific reactions so that extra-
polation is necessary.

Comparing our results with established data in
the literature [5,21] we found general agreement for
the range of values of free and total sulphite in
beers. The values for free sulphite are between 0.5
and 1.5 mg/l and those for total sulphite between 1
and 15 mg/l.
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