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Sulfur dioxide (SO2) or sulfites are the most common preservatives used in winemaking. The level of

total SO2 is subject to regulation. Currently, the regulatory determination of total SO2 (including

sulfites) is done by the optimized Monier-Williams (OMW) method, which includes time-consuming

distillation and titration steps. This paper describes the development and application of an

alternative, rapid, straightforward, and reliable method for the determination of total sulfite in wine.

In this method, a simple oxidation step using alkaline hydrogen peroxide (H2O2) solution is followed

by ion chromatographic (IC) analysis of sulfate coupled with conductometric detection. Thirteen

wines were analyzed in order to compare the in-sample oxidation method with the OMW-procedure.

A t-test revealed satisfying compliance regarding sample preparation, i.e., alkaline H2O2 treatment

and acidic distillation (OMW method). Comparable results were also obtained between IC analysis

and acid/base titration. Our results indicate that the novel method (limit of quantification: 4 mg SO2

L-1) is well suited for the cost-efficient monitoring of regulatory limits.
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INTRODUCTION

Addition of sulfur dioxide or sulfites is a practicewidely used in
the processing of foods like grapes, dried fruits, potato products,
fruit juices, and wine. Sulfiting agents contribute to the stabiliza-
tion and conditioning of foods by preventing oxidation, brown-
ing, andmicrobial reactions. Also, they are cost-efficient and easy
to apply. However, sulfites alter the organoleptic profile of food
products and are well-known to cause asthma and other allergic
reactions in persons hypersensitive to SO2 (1-4).Hence, the Joint
FAO/WHO Expert Committee on Food Additives (JECFA) has
issued an acceptable daily intake (ADI) of sulfur dioxide of
0.7 mg kg-1 body weight. In the EU, the maximum amounts of
sulfite admitted for addition to wine are regulated (total SO2: 160
mgL-1 for redwines and 210mgL-1 forwhite and roséwines) (5).
This means that the ADI could be exceeded by an intake of only
250 mL of white wine (210 mg L-1) from a person with a body
weight of 70 kg.

In wine sulfite is present in free and bound forms (6), the latter
being hydroxysulfonate adducts formedby the reactionwithwine
matrixcompounds(ketones,aldehydes, sugars, tannins, etc.) (2,7).
Several analytical methods are known for the determination of
either the free sulfite (8, 9) or the total sulfite (sum of free and
bound sulfite) (10, 11).

Two procedures are commonly used by wine industry and
authorities for quantifying total sulfite in foods and beverages
including wine. One procedure, named the Ripper method,

consists of a direct iodometric titration that is prone to interfer-
ences from iodine-reactive compounds, thus being heavily criti-
cized (10, 12). The official method of the Association of Official
AnalyticalChemists (AOAC) (13), which is also recommended by
EU (6,14), is based on the optimized Monier-Williams (OMW)
method. This method relies on an indirect determination of total
sulfite after distillation, oxidation with hydrogen peroxide, and
titration of sulfuric acid with sodium hydroxide solution. How-
ever, this sample preparation routine is time-consuming, is labor-
intensive, and cannot be used for fast or high-throughput
analysis. Furthermore, the OMW method tends to overestimate
sulfite levels upon the presence of volatile acidic compounds (15).
To overcome these limitations, several methodologies have been
proposed, e.g., capillary electrophoresis (6,11) and ICP-OES (4).
One of the most frequently published methods is the flow
injection technique combinedwith different detectors (10,16,17).

In order to analyze the total sulfite concentration via the more
stable sulfate ion, a dissociation of reversibly bound sulfite-
adducts followed by a complete oxidation of sulfite to sulfate is
required. Bound sulfites are released either by acid (OMW
method) or alkaline treatment at pH > 10 (7). In the OMW
method, the subsequent oxidation to sulfate is done by hydrogen
peroxide (H2O2). Such a powerful agent is necessary particularly
for an in-sample oxidation, as the ethanol present inwine acts as a
free radical scavenger, thus reducing the oxidation rate of sulfite.

Our work aimed to simplify the existing procedures by omit-
ting the distillation and titration steps of the OMW method. An
in-sample hydrogen peroxide treatment of an alkalinized wine in
combination with ion chromatography (IC) was considered
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suitable for this purpose. IC was chosen, as it was shown to result
in a higher selectivity than acid-base titration (18). While an in-
sample oxidation and IC based approach has been published
before (19), a comparison to the OMWmethodwas not yet done.
Hence, the present paper describes the development and valida-
tion of a facile method based on in-sample oxidation of total
sulfite in wine and its comparison to the OMW-method.

MATERIALS AND METHODS

Reagents and Chemicals.All reagents were analytical grade and used
without further purification. Hydrogen peroxide (30% w/w), sodium
hydroxide, sodium hydroxymethanesulfonate (HMS, CH2OHSO3Na),
and various acidic wine components (acetic, propionic, oxalic, lactic,
malonic, maleic, fumaric, tartaric, succinic, malic, octanoic, D-galacturo-
nic, and citric acids) were obtained from Sigma-Aldrich (Taufkirchen,
Germany). Ethanol, hydrochloric acid, and sodiumsulfatewere purchased
from Merck (Darmstadt, Germany).

Ultrapure water from a Millipore Water purification system was used
for sample preparation, dilution of stock and standard solutions, and IC
eluent preparation. Argon and nitrogen were used in 5.0 quality.

For titration of sulfuric acid a sodium hydroxide solution was prepared
from a Titrisol ampule (Merck, Darmstadt, Germany) filled to 1 L with
water to give a concentration c(NaOH) of 10 mM.

Wine Samples. Nine red and four white wines made from different
grape varieties cultivated in different geographical regions (Table 1) were
purchased in local supermarkets. Each wine sample was transferred to
vials prefilled with argon to prevent a contact of oxygen and wine. The
vialswere closedwith sealed screw-caps and stored indarkness at 4 �Cuntil
analysis.

In-Sample Oxidation ofWine.Wine samples (1 mL) were diluted to
a volume of 50 mL with sodium hydroxide solution (20 mM), thereby
raising the pH to 11. By doing so, reversibly bound sulfites are released
from the carbonyl adducts. A volume of 10 mL was sampled for
measurement of the initial sulfate concentration in the unoxidized wine
sample. The residual volume of 40mLwas treatedwith hydrogen peroxide
solution (30% w/w). The amount of oxidizing agent and the reaction
time were optimized, resulting in an addition of 100 μL of hydrogen
peroxide solution and an incubation time of 1 h at ambient temperature.
After conversion, the sulfate concentration was determined by IC.

Ion Chromatography (IC). The instrument used was a DX 500
system (Dionex GmbH, Idstein, Germany) equipped with an AS40
automated sampler, a LC20 chromatographic module, a GP50 gradient
pump, anEG40 eluent generator, and aCD20 conductivity cell with aDS3
detection stabilizer. The chromatographic separations were carried out on
an IonPac AS15 analytical column (2 mm � 250 mm, particle size 9 μm,
stationary phase of ethylvinylbenzene cross-linked with 55% divinyl-
benzene) fitted with an IonPac AG15 guard column (2 mm � 50 mm),
both from Dionex (Idstein, Germany), at a constant column temperature
of 30 �C. Potassium hydroxide solution at 22 mM was generated in the
EG40 module and applied as eluent with a flow of 0.3 mL min-1. Ion
suppression was accomplished by 5 mM sulfuric acid with a flow of
4mLmin-1 using anAMMS III 4mmanionmicromembrane suppressor.
The injection volume was 25 μL.

Optimized Monier-Williams (OMW) Method. The OMW
method was applied according to the German implementation of the
EU-recommended method (20). The distillation equipment comprised a
dropping funnel containing 90 mL of hydrochloric acid (4 M), a 1 L flask
filled with 400mL ofwater, and a reflux cooler that was attached to a bulb
condenser containing 30 mL of a hydrogen peroxide solution (3%, w/w).
Prior to analysis thewhole systemwas purgedwith nitrogen for 15min.An
amount of 10 mL of wine was diluted with 100 mL of ethanol/water 5:95
(v/v) and transferred into the 1 L flask. After addition of the hydrochloric
acid the mixture was boiled in order to release sulfur dioxide. The latter
was continuously purged out with nitrogen (200 mL min-1) for 105 min
and trapped in the bulb condenser, where it was subject to oxidation.
Subsequently, the sulfate containing solution was filled up to 50 mL with
water. While a volume of 25mL out of 50 mLwas titrated directly against
a sodium hydroxide solution, an amount of 10 mL out of 50 mL was
diluted with water (1:5, v/v) and analyzed by IC.

Quantification and Quality Parameters. Ion Chromatography.
Identification of sulfate in wine was done by comparing the retention time
against a known standard of sodium sulfate. Additionally, standard
addition experiments were performed in order to confirm the identity of
sulfate and to calculate its recovery. All standard and calibration solutions
were stored at 4 �C. The sulfate content was quantified against an external
six point calibration curve established in a range of 1-10 mg SO4

2- L-1

(R2 = 0.9996) by preparing each calibration level in duplicate.
For the in-sample oxidation method the total sulfite concentration in

wine was determined by subtracting the sulfate concentration of the
untreated sample from the one of the oxidized sample.

Titration. The titration of sulfuric acid in the frame of the OMW
method is evaluated bymeans of a color change of themethyl red indicator
from red to yellow for at least 20 s. The titer of NaOH solution is stated as
1.000 at a temperature of 20 �C. The blank value obtained by titration of a
hydrogen peroxide solution after performing the OMWmethod without a
wine sample was subtracted from all wine analysis results.

RESULTS AND DISCUSSION

In-Sample Oxidation Method. The method development was
focused on the optimization of the parameters for the conversion
of total sulfite according to eq 1 and the subsequent ion-
chromatographic determination of sulfate.

SO3
2- þH2O2 f SO4

2- þH2O ð1Þ
At first, the influence of the pH on the efficiency of bound sulfite
release was investigated. For these experiments the sodium salt of
HMS was used. HMS is a model substance for bound sulfite, an
addition complex of bisulfite and formaldehyde. A red wine
sample (sample 7, Table 1) spiked with HMS (corresponding to
50 mg SO2 L

-1) was oxidized with hydrogen peroxide in excess
between pH 6 and pH 11 (each n=3). While in alkaline solution
(pH 11) an average recovery of about 90% was yielded, at pH 6
only <20% of bound sulfite was recovered. This result corre-
sponds to previously described outcomes (7, 11, 21).

Authentic red and white wine samples (samples 5, 7, 10, 13;
Table 1), containing bound sulfite and ethanol, were used for the
subsequent optimization step. The ratio of hydrogen peroxide to
wine necessary for amaximum oxidation of sulfite (at pH 11) was
determined to be at least 1:20 (v/v). For subsequent analyses of
wines a ratio of 1:10 was used. Higher amounts of hydrogen
peroxide should be avoided to protect the IC separation column.

Conversion experiments showed an almost complete oxidation
after 1 h of incubation.Although a slightly higher sulfite conversion
rate (recovery) of up to 5%wasobtained after 4 hof incubation, 1 h
was chosen in view of time efficiency. Ion chromatograms of a real
wineanalysis using this optimizedmethodare illustrated inFigure 1.

The sulfate peak in the wine sample before and after treatment
with hydrogen peroxide is well separated from other peaks.
However, it should be noted that a broad range of organic acids

Table 1. Analyzed Wine Samples

sample grape variety type of wine origin ethanol (%)

1 Cabernet/Syrah red France 12.5

2 Syrah red France 12.0

3 Sangiovese red Italia 11.0

4 Shiraz/Cabernet red Australia 13.5

5 Dornfelder red Germany 11.0

6 Sp€atburgunder red Germany 12.0

7 Merlot red France 13.0

8 Gamay red France 12.0

9 Cabernet Franc red Hungary 13.0

10 Chardonnay/Colombard/Ugni blanc white France 11.5

11 Fr€uhburgunder white Germany 13.0

12 Chardonnay white Australia 13.0

13 Grauburgunder white Germany 12.0
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is present in wine. These acids could be detected with the present
method, as an alkaline IC eluent and an anion exchange separa-
tion column are used. Tartaric, malic, and citric acids are the
dominating natural acids in grapes whereas lactic, succinic, and
acetic acids have been found to be major fermentation acids (22).
Thirteen organic acids were measured before and after oxidation
with hydrogen peroxide to verify that no interferences with the
sulfate peak do occur. Three of themajor organic acids are shown
in the chromatogram of a standard solution together with sulfite
and sulfate (Figure 2).

It can be seen thatmalic and succinic acids are not separated by
this method. The same is true for tartaric acid and sulfite. These
compounds represent the main peaks of real wine samples (see
Figure 1). However, none of the 13 tested compounds coeluted
with the sulfate peak, so interferences caused by organic acids
could be excluded. Moreover, the conductivity of the organic
acids is much lower than that of the sulfate ion.

The recovery of sulfite was determined by standard additions
ofHMS to a redwine (sample 5) and awhite wine (sample 10) in a
range of 20-100 mg SO2 L-1 measuring each spiking level of
HMS in triplicate. A recovery of (88.5( 4.2)% for red wine and
(91.6 ( 5.1)% for white wine was calculated from the standard
addition regression lines.

Limits of detection (LOD) and quantification (LOQ) were
calculated based on the sulfate calibration curve method accord-
ing toDIN 32645 (23) to be 1mgL-1 (SO2 inwine) and 4mgL-1,
respectively.

Method Comparison. The in-sample oxidation method and the
reference OMW method differ in terms of sample preparation
and detection. In view of volatile acids in wine, which may
interfere in the acid-base titration (15, 24), the selectivity of the
method is ofmajor importance. Volatile acids are formedby yeast
activity during alcoholic fermentation of grapes and by spoilage
bacteria during fermentation or aging in concentrations ranging
from 0.3 to 1.2 g L-1 (expressed as acetic acid). The volatile acid
mix usually consists of more than 90% acetic acid and traces of
formic, propionic, and butyric acids (22). Figure 3 displays the
sulfur dioxide concentration determined by titration and IC
analysis of extracts generated by the OMW method (n = 3).

Unexpectedly, the results of titration and IC are in good
agreement. Although the findings for titration seem to be slightly
higher than those for IC analysis, a significant overestimation of
sulfite caused by volatile acids could not be observed when using
the titration method.

Further experiments on the oxidation stability of ethanol
against hydrogen peroxide showed no acetic acid formation at
ambient temperature. However, after thermal treatment (60 �C
for 30 min) of the hydrogen peroxide containing solution a
significant increase of acetic acid was obtained.

The second part of method comparison was done by IC
quantification of sulfate. In this way, the in-sample oxidation
and distillation procedure according to Monier-Williams were

Figure 2. Ion chromatogram of a standard solution containing malic acid
(1), succinic acid (2), and tartaric acid (3) together with sulfite (4) and
sulfate.

Figure 1. Ion chromatograms of a white wine sample (Grauburgunder
no.13) by the in-sample oxidation method: (a) before treatment with
hydrogen peroxide; (b) after treatment with hydrogen peroxide.

Figure 3. Total sulfur dioxide concentration of four wine samples (mean(
standard deviation, mg L-1) determined by the OMW method after
quantification by titration and IC.
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compared in terms of efficiency, e.g., release and oxidation of
total sulfite.

In order to obtain a comprehensive database suited for
statistical evaluation (mean value t-test), four different wine
samples were used, each of them analyzed 10 times by in-sample
oxidation and by theOMWmethod. Prior to t-test evaluation the
data sets were checked for homogeneity of variances by means of
theF-test. The t-test value |t| was calculated using themean values
of both methods, the corresponding standard deviations, and the
number of measurements. The |t| values were compared with the
quantile of the double sided t-distribution t(1-R/2; f) (R, level of
significance; f, degree of freedom), namely t(0.975; 18)= 2.101 as
shown in Table 2.

The null hypothesis (Ho), methodA = methodB, could not be
rejected in three out of four cases because the t-test value was
lower than the t-quantile for a level of confidence of 95%. A
significant difference between both methods was indicated only
for wine sample 5 (Dornfelder).

Finally, 13 wines were analyzed in triplicate by the OMW
method (with titration) and the alternative method of in-sample
oxidation (with IC) (Figure 4).

A correlation of both methods was obtained irrespectively
from the type of wine (red/white) indicated by the linear regres-
sion line (y=1.03x- 6.09) and a regression coefficientR2 ofR2:
0.97. As expected, the sulfur dioxide concentration in red wines
was found to be lower than in white. Because of more native
antioxidant substances contained in red wine, lower amounts of
sulfite are necessary to prevent oxidation or browning reactions.
One out of 13 wines (sample 3, sangiovese) was found to be close

to the regulatory limit of 160 mg SO2 L-1 (confirmed by both
methods) taking into account an expanded measurement uncer-
tainty (k = 2).

The conclusion that can be drawn from all these aspects is that
the presented method of in-sample oxidation fulfills the require-
ment for a simple and rapid control of the total sulfite concentra-
tion inwine. Itmay therefore be usedby responsible authorities as
a high throughput method to indicate violations of regulatory
limits. Laborious distillation and titration steps can be avoided,
and smaller sample intakes for analysis are possible. Fruit juices
or beer could be further target matrices for the in-sample
oxidation method after testing its suitability. Even the analysis
of solid samples like dried fruits or mashed potatoes should be
feasible adapting the method with regard to an extraction step.

ABBREVIATIONS USED

ADI, acceptable daily intake; ANOVA, analysis of variance;
AOAC, Association of Official Analytical Chemists; HMS,
(sodium) hydroxymethanesulfonate; IC, ion chromatography;
JECFA, Joint FAO/WHO Expert Committee on Food Addi-
tives; OMW, optimized Monier-Williams.
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