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Abstract
In this work a simple and rapid automated analytical method for the determination of sulfur dioxide in wines by employing a 
sequential automatic analyser was validated. The methodology is based on the reaction of sulfur dioxide with 5,5′-dithiobis-
(2-nitrobenzoic acid) in an alkaline medium followed by photometric detection. The linearity of the calibration curve was 
excellent (R2 = 1.000) and the LOQ (2.00 mg  L−1) was well suited for the monitoring of regulatory limits. The accuracy and 
precision were evaluated with reference materials, providing highly successful results (RSD% < 3.8 for precision and R2 = 0.99 
of correlation between the obtained and declared values). The method was applied to the analysis of commercial samples of 
wines ensuring compliance with legislation. The results found were compared to those obtained with the spectrophotometric 
method recommended for beers, implemented in a flow system, showing that there are no statistical differences between 
them (α ≤ 0.05). When compared with conventional methods, the proposed methodology showed to be fast, with minimum 
handling of the sample and small sample and reagents volume requirement, which together with a minimum maintenance, 
involves a considerable reduction in laboratory costs.
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Introduction

Sulfur dioxide is an additive commonly used in the food 
industry because its excellent preservative properties to 
inhibit bacterial growth, to control enzymatic and non-
enzymatic browning reactions, and to prevent oxidation 
during elaboration and storage [1]. It is also found naturally 
in foods due to fermentative processes by yeasts and because 
of metabolism of aminoacids containing sulfur groups [2]. 
In the European Union the use of sulfur dioxide and several 
inorganic sulfites (E220-E228) as food additives is author-
ized according to the regulation CE no 1333/2008 [3]. 

Regarding the wine industry, sulfiting agents are the most 
employed additives since without this additive is not possi-
ble to guarantee the wine quality [4]. The admitted sulfiting 
compounds in the winemaking by the European Union and 
the International Organization of Vine and Wine (OIV) are 
liquid sulfur dioxide  (SO2, E220), potasium metabisulfite 
 (K2S2O5, E224) and potasium hydrogen sulfite  (KHSO3, 
E228) [5, 6].

Sulfur dioxide may be present in foods in two forms: 
“free  SO2” and “bound  SO2”. The free  SO2 is the effective 
form and includes inorganic forms depending on the sample 
pH:  SO2 at pH < 3,  HSO3

− at pH values in the range 3–7, 
 SO3

2− at pH > 7. Since the pH of wine usually ranges from 
3.0–3.6, bisulfite is the predominant form. The bound  SO2 
comprises covalents adducts formed with different organic 
compounds containing carbonyl groups, mainly sugars. Free 
and bound  SO2 are in a reversible equilibrium and the sum of 
both forms corresponds to total sulfur dioxide [1].

Sulfur dioxide is safe for the majority of people but in 
the 1980s some studies reported that it presents toxicity in 
sensitive individuals since high concentrations can cause 
noxious effects such as allergic reactions, dermatological 

 * María-José González-Castro 
 mjgc@udc.es

1 Grupo Química Analítica Aplicada, Departamento de 
Química, Facultade de Ciencias, Instituto Universitario 
de Medio Ambiente, Universidade da Coruña, Campus da 
Coruña, 15071 A Coruña, Spain

2 Laboratorio Agrario e Fitopatolóxico de Galicia, Instituto 
Galego da Calidade Alimentaria, Carretera AC-542 pk 7 
Mabegondo, Abegondo, 15318 A Coruña, Spain

http://orcid.org/0000-0001-5718-9631
http://crossmark.crossref.org/dialog/?doi=10.1007/s00217-024-04496-x&domain=pdf


 European Food Research and Technology

problems and respiratory symptoms, especially in asthmatic 
individuals [2]. As a consequence the Joint FAO/WHO fixed 
the Acceptable Daily Intake of 0.7 mg  kg−1 body weight 
per day [7]. Therefore the use of  SO2 must be rigorously 
controlled and in the European Union and United States, the 
legislation establishes that if the concentration of total sulfur 
dioxide is higher than 10 mg  L−1, it must be declared on the 
label of the product [8, 9].

The use of sulfur dioxide is one of the issues of contem-
porary oenology since the control of sulfur dioxide content 
is crucial during winemaking not only to assess the wine 
quality and because of health hazards but also because high 
concentrations of  SO2 affect to colour stability, taste and fla-
vour, spicy odour. As a consequence, the total sulfur dioxide 
content is one of the parameters which must be analysed 
in wines as established in Legislation [10]. The European 
Union according to regulation EU no 2019/934 [5] has set 
the maximum permitted level of total sulfur dioxide which 
depends on the type of wine as well as the content of sugar 
in the wine: 150 mg  L−1 for red wines and 200 mg  L−1 for 
white and rosés wines (containing at the most 5 mg  L−1 
sugar); 200 mg  L−1 for red wines and 250 mg  L−1 for white 
and rosés wines (containing more than 5 mg  L−1 sugar); 
300–400 mg  L−1 for specific sweet wines.

Due to the great relevance of monitoring the sulfur 
dioxide content in wines, numerous procedures have been 
described for its determination. The two commonly accepted 
methods by authorities and the wine industry for evaluat-
ing sulfur dioxide in wines are the optimised Monier Wil-
liams [11, 12] and the Ripper [13] methods. The Monier 
Williams method consists of a distillation under acidic con-
ditions followed by an oxidation with hydrogen peroxide 
and subsequent titration of the sulfuric acid formed with 
sodium hydroxide. Although this method has the advantage 
of low cost, the procedure is laborious, time consuming and 
it is limited by interferences due to the co-distillation of 
volatile acidic compounds. The Ripper method, which is the 
most widely used method in wineries and cellars, is based 
on the sulfur dioxide titration with iodine using starch as an 
indicator. This method is relatively rapid, cheap and sim-
ple; however, the Ripper method suffers from interferences 
of polyphenols, ascorbic acid and other reductants and it 
presents difficulties to observe a change of colour at the end 
point of titration, especially in red wines.

To overcome these limitations other techniques have 
been developed, being UV–Vis spectrophotometry the 
most widely used technique for the determination of sulfur 
dioxide in alcoholic beverages. These methods are based on 
the reaction of sulfur dioxide with organic reagents, such as 
p-rosaniline [14], malachite green [15] and 5,5′-dithiobis-
(2-nitrobenzoic acid) [16]. Chromatographic techniques such 
as gas chromatography with an electron capture detector [17] 
and ion chromatography with a conductivity detector [18] 

and electrochemical techniques such as amperometry [19] 
and voltammetry [20] have been also employed.

Automated methodologies based on flow analysis have 
been also utilized. This methodology is based on the diffu-
sion of sulfur dioxide through a gas-permeable membrane 
from the acidified wine sample (pH < 1) to an acceptor 
stream. The most usual detection technique is colorimetric 
having a reagent on the acceptor channel such as p-rosaniline 
or malachite green [15]. Other used detection techniques are 
potentiometry [21] or voltammetry [22].

Food standard authorities are increasingly demand meth-
ods for routine analysis which require the implementation 
of instrumental techniques that deliver information quickly, 
inexpensively and with high accuracy. In this sense, auto-
matic discrete analysers are rapid, automatic and flexible, 
thus their implementation in the wine industry for routine 
quality control is of great interest. In 2018, the OIV consid-
ering the interest of the experts of SubCommsion of Ana-
lytical methods in the use of automated methods, added the 
enzymatic determination of D-glucose and D-fructose and 
three organic acids (acetic, lactic and malic) by using an 
automatic sequential analyser to the Compendium of Inter-
national Methods of Analysis of Wines and Musts [23].

Therefore, the main aim of this work was the validation 
of an automated photometric method employing a sequential 
analyser for the determination of sulfur dioxide in wines. 
The method is based on the reaction between sulfur dioxide 
and 5,5′-dithiobis (2-nitrobenzoic acid) (DTNB) in basic 
conditions. The method was applied to 37 commercial sam-
ples of wine from Galicia (Northwestern Spain), where the 
industry of wine is very important. As mentioned above, 
since the recommended methods present positive inter-
ferences, the obtained results were compared with those 
achieved by using a segmented flow analyser employing the 
widely used p-rosaniline-formaldehyde method, which is 
recommended for determining sulfur dioxide in beers [24].

Materials and methods

Samples

For this study, 37 commercial samples of wine produced 
in different vine-growing areas of Galicia (Northwestern 
Spain) were analysed. All the wine bottle samples were 
supplied directly from the cellars and stored out of light 
exposure prior to the analysis. Due to sulfur dioxide being 
volatile and can be rapidly oxidized, bottles were opened just 
before analysis. Precision and accuracy were evaluated using 
reference materials obtained by participating in an interlabo-
ratory comparison test organised by the Interprofessional 
Bureau of Analytical Studies (BIPEA, Paris, France). All 
wines were analysed without any sample pretreatment.
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Chemicals and reagents

Sodium metabisulfite (99%) and p-rosaniline chloride were 
obtained from Sigma-Aldrich (Inc. St. Louis, MO, USA). 
Hydrochloric acid (37%), sulfuric acid (96%) and formal-
dehyde (37–38%) were supplied by Panreac (Barcelona, 
Spain). A stock standard solution of 1500 mg  L−1 of sodium 
metabisulfite (1000 mg  L−1 as  SO2) was prepared using 
Milli-Q water obtained from a purification system from Mil-
lipore (Billerica, MA, USA), and stored at 4 °C in the dark. 
A control solution of sulfite of 80 mg  L−1 and total sulfite 
assay kit (DTNB) constituted by buffer at pH 8.2, DTNB 
at pH 8.2 and standard of sulfite (150 mg  L−1 as  SO2) were 
purchased from Biosystems (Barcelona, Spain).

Discrete sequential analyser

Analyses were carried out using an automatic analyser from 
Biosystems (model Y15) equipped with a UV detector and 
software to control operation and process data. The pro-
cedure is based on the reaction of  SO2 with 5,5′-dithiobis 
(2-nitrobenzoic acid) in an alkaline medium at pH 8.2 to 
generate a yellow thiol, 5-mercapto-2-nitrobenzoate, whose 
absorbance is measured at 405 nm. The reaction is carried 
out in an alkaline medium to release all the bound sulfur 
dioxide from the wine sample and convert the hydrogen 
sulfite to sulfite. For each analysis, 7 μL of sample and 
300 μL of reagent (240 μL of buffer and 60 μL solution of 
DTNB at pH 8.2) were used. The reaction was carried out 
at room temperature for 7 min. The robotic sampling arm 
dispenses precise quantities of sample and reagents into a 
reaction cuvette placed in a reaction rotor. Once the reaction 
is completed, the cuvette is moved to the photometer and the 
resultant absorbance is measured. As an illustration, Fig. 1 
schematizes the analytical procedure.

Segmented flow analyser

Analyses were carried out using a segmented flow analyser 
from Astoria-Pacific (Clackamas, OR, USA). The system 
consisted of a sampling device, a peristaltic pump, a heating 
unit, a gas diffusion module with two chambers separated 
by a gas permeable membrane, a reaction cartridge and a 
density optical detector. Data were processed using FAS-
Pac 2 software (Astoria-Pacific). The  SO2 determination is 
based on the reaction of  SO2 with p-rosaniline in the pres-
ence of formaldehyde at pH 0.9 to form a sulfur dioxide/
formaldehyde/p-rosaniline complex, whose optical density 
is monitored at 560 nm.

The sample is aspired by the sampling device and 
pumped and mixed with the carrier solution (hydrochloric 
acid, pH = 0.9) to convert all the hydrogen sulfite present to 
 SO2. Then the sample stream is conducted to the heat bath 
at 90 °C to cause the decomposition of adducts between 
sulfur dioxide and carbonyl compounds. When the sample 
stream arrives at the gas diffusion cell, the  SO2 diffuses 
through the hydrophobic membrane of Teflon and is col-
lected by the acceptor solution (sulfuric acid). Finally, the 
stream arrives at the reaction unit containing formaldehyde 
and p-rosaniline at pH 0.9 promoting the reaction with  SO2 
forming a p-rosaniline-sulfite complex whose optical density 
is measured.

Results and discussion

Validation of the method

The procedure establishes that turbid samples must be 
filtered or centrifuged; since all samples appeared clear 
and without turbidity, all samples were analysed without 
any previous treatment. To check the performance of the 

405 nm

7 µL 60 µL

240 µL

Buffer

7 min & Room
temperature

Fig. 1  Scheme of the analytical procedure implemented in the automatic sequential analyser
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measurement procedure, a control solution, containing sta-
bilized sulfite at a concentration of 80 mg  L−1

, was measured 
every day by triplicate.

For the validation of the system, linearity, limits of detec-
tion and quantification, precision and accuracy were evalu-
ated according to the “Eurachem Guide: The Fitness for 
Purpose of Analytical Methods—A Laboratory Guide to 
Method Validation and Related Topics” [25].

Firstly, the linearity of the calibration curve was cal-
culated using nine concentration levels (0.5, 1.0, 5.0, 10, 
20, 50, 100, 150 and 200 mg  L−1), prepared by appropriate 
dilution of the 1000 mg  L−1 of the stock standard solution 
in water, by triplicate analysis. An excellent linearity was 
obtained (R2 = 1.000).

The limit of detection (LOD) and quantitation (LOQ), 
calculated as 3 and 10 times Sa/b respectively (“Sa” being 
the standard deviation of the intercept and “b” the slope of 
the calibration curve) were 0.60 and 2.00 mg  L−1, respec-
tively. These values demonstrated that enough sensitivity 
was achieved since the LOQ was five times lower than the 
limit established by regulations to label bottles as “contain 
sulfur dioxides”. Furthermore, these values are lower than 
those obtained with the official method recommended by the 
AOAC and the OIV [26–28].

The precision of the method was evaluated employing 
four wine reference materials: two white wines, one red wine 
and one sweet wine, with concentrations ranging between 50 
and 190 mg  L−1. The precision was calculated by measuring 
ten replicates of each reference wine on the same day (intra-
day precision) and on different days during a week (inter-day 
precision). As it can be seen in Table 1, the results obtained 
were satisfactory with the relative standard deviation (RSD 
%) below 1.3% and 3.8% for intra-day and inter-day preci-
sion respectively. It is worth noting that the obtained rela-
tive standard deviations are lower than the precision values 
reported by other authors when using the official meth-
ods [26–28]. Furthermore, the Horwitz equation was also 
employed as an additional criterion for checking the preci-
sion of the method. The equation is RSD (%) =  21–0.5logC, 
being C the mass fraction expressed as a power of 10. For 
intra-day precision, the obtained values for RSD (%) would 
be lower than 1/2  (21–0.5logC), whereas in the case of inter-day 
precision, the values for RSD (%) would be lower than 2/3 
 (21–0.5logC). As observed, the values of RSDs obtained with 

the proposed methodology were highly satisfactory because, 
in all reference materials, the results achieved of RSD (%) 
for intra-day and inter-day precision did not exceed the limits 
calculated by the Horwitz equation.

Accuracy was checked employing nine wine reference 
materials: three white wines, three red wines, one rosé wine, 
one sweet white, and one aromatized wine. The range of 
concentrations of sulfur dioxide in the reference materials 
ranged from 42 to 190 mg  L−1. Table 2 shows the mean and 
the standard deviation values obtained for the nine refer-
ence material with the proposed method (n = 10) and the 
assigned value, estimated through proficiency testing pro-
grams, together with the corresponding tolerance values. 
As can be seen, in all cases mean values measured in the 
automatic analyser are in good agreement with the values 
of the reference materials. After statistical evaluation by 
applying a paired t-test at 95% confidence, the calculated 
t was 0.73, which is lower that the t critical value (2.36). 
Furthermore, from the comparison of the values obtained by 
the automatic analyser and those of the reference materials, 
a lineal relationship was established, with R2 higher than 
0.99 (Fig. 2). The 95% confidence interval calculated for the 
slope (0.96–1.15) and intercept (−11.9–5.8) did not differ 
significantly from the values of 1 and 0 respectively. These 
results demonstrated that the automatic sequential analyser 

Table 1  Data of precision for 
total sulfur dioxide obtained by 
using reference wine samples 
(n = 10)

Reference material Concentration 
(mg/L)

Intraday preci-
sion RSD (%)

%1/2RSDr 
Horwitz

Interday preci-
sion RSD (%)

%2/3RSDR 
Horwitz

Red wine 50 1.10 4.54 3.80 5.92
White wine 1 90 1.25 4.03 0.73 5.37
White wine 2 116 0.92 3.91 0.54 5.21
Sweet wine 190 0.54 3.63 0.76 4.84

Table 2  Accuracy of the discrete sequential analyzer evaluated by 
using reference wine samples (n = 10)

Reference 
material

Reference values (mg  L−1) Obtained values 
(mg  L−1)

Concentration Tolerance Mean Standard 
deviation

Red wine 1 50  ± 18 43  ± 0.47
Red wine 2 46  ± 17 42  ± 0.70
Red wine 3 58  ± 18 52  ± 1.03
White wine 1 90  ± 20 94  ± 0.53
White wine 2 116  ± 21 116  ± 1.06
White wine 3 81  ± 19 89  ± 1.78
Rosé wine 42  ± 17 47  ± 1.70
Sweet white 

wine
190  ± 25 198  ± 1.06

Aromatized 
wine

46  ± 17 51  ± 1.35
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provided excellent results, in agreement with the declared 
values of the reference materials.

Analysis of samples

The content of total sulfur dioxide was determined in 37 
samples: 34 white wines and three red wines. All samples 
presented sulfur dioxide concentration below the values 
permitted by the regulation (150 mg  L−1 for red wines and 
200 mg  L−1 for white wines). In all cases, the total sulfur 
dioxide concentration was higher than 10 mg  L−1, which 
implies that all the bottles must be labelled “contain sulfur 
dioxides” according to legislation.

The concentration of sulfur dioxide ranged from 30 to 
186 mg  L−1, with a mean content of 95 mg  L−1. The major-
ity of the analysed samples presented sulfur dioxide con-
centration below 150 mg  L−1, except for one white wine 
(186 mg  L−1). For red wines, this content ranged from 52 to 
98 mg  L−1, whereas this content was higher in white wines, 
ranging from 30 to 186 mg  L−1. Most of the analysed white 
wines (88%) had concentrations ranging between 69 and 
120 mg  L−1, while 9% had concentration above this value.

The residual levels found are all in the same range 
reported in Spain and other European countries. The 
obtained values in this study were similar to those reported 
in Spanish wines (33–128 mg  L−1) [14] and in wines from 
five European countries (46–161 mg  L−1) [17]. However, 
the levels of sulfur dioxide obtained in the analysed sam-
ples were lower than those reported for wines from Brazil 
(< 10.0–235 mg  L−1) [27] and for wines from South Korea 
(< LOD-341 mg  L−1) [28].

Additionally, to assess the quality of the obtained results, 
the content of  SO2 was also analysed in the 37 commercial 
samples by p-rosaniline method employing a segmented 
flow analyser, which is an accredited method (ISO 17025) 

in the Laboratorio Agrario e Fitopatolóxico de Galicia for 
the determination of  SO2 in wines. For quantification pur-
poses, seven working solutions of concentrations 5.0, 10, 20, 
50, 100, 150 and 200 mg  L−1 were prepared by appropriate 
dilution of the 1000 mg  L−1 of the stock standard solution. 
As can be seen in Fig. 3, a good correlation was achieved 
between the results obtained by both methodologies with a 
high regression coefficient (R2 = 0.97). The 95% confidence 
interval calculated for the slope (0.95–1.07) and intercept 
(−5.0–6.5) included the values of 1 and 0, respectively. The 
results obtained with both methods were also compared 
by a Bland Altman plot (Fig. 4) showing methods did not 
differ significantly from 0 (95% confidence interval from 
−7.3–10.1), being the differences only due to random errors. 
Therefore, the results provided for both methods were sta-
tistically comparable.

Conclusions

In this work, a sequential automatic analyser was validated 
to determine directly the content of sulfur dioxide in wines 
based on the reaction with 5,5′-dithiobis (2-nitrobenzoic 
acid) followed by photometric determination of the chro-
mogenic generated. The method was validated in terms of 
linearity, limits of detection and quantitation, precision and 
accuracy, achieving satisfactory results.

As an application, 37 samples of wines from Galicia 
(NW Spain) were analysed, showing that the concentration 
of sulfur dioxide in all samples, was below the maximum 
permitted level set by European Legislation. The proposed 
method provided results statistically comparable to those 
obtained by the widely used p-rosaniline method by using a 
segmented flow analyser.

Fig. 2  Comparison between 
obtained and reference values 
for the content of sulfur dioxide 
in wine reference materials y = 1.0562x - 3.0455

R² = 0.9897
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In short, the proposed methodology can be used success-
fully for rapid and accurate determination of sulfur dioxide 
in wines permitting, as well as, an output rate of approxi-
mately 50 samples per hour. Therefore, it could be estab-
lished as a suitable protocol for routine quality control to 
determine total sulfur dioxide towards compliance with EU 
directives. Furthermore, it can be considered a green analyti-
cal tool because in comparison with the reference method-
ologies, the proposed procedure decreases both the reagent 
consumption and waste generation.
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