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Sulfite, which is a protective agent in various food industries, also is known as an allergen. Therefore,
sulfite content in food must be monitored and controlled. In this context, a novel optical sensor is
designed for simple, rapid and sensitive determination of the sulfite content in food samples. Acidified
pararosaniline (PRA) hydrochloride reagent in cationic form was immobilized on the surface of the
Nafion cation exchanger membrane by electrostatic interactions. In formaldehyde medium, the pale
purple PRA-Nafion film was converted to rich purple due to the highly conjugated alkyl amino sulfonic
acid formation in the presence of sulfite and the absorbance change at 588 nm was recorded. The pro-
posed optical sensor gave a linear response in a wide concentration range for sulfite. The limit of
detection (LOD) and the limit of quantification (LOQ) values obtained for sulfite were 0.084 and
0.280 ppm SO; equivalent, respectively. The proposed optical sensor was validated in terms of linearity,
additivity, precision and recovery parameters. The sulfite contents obtained for real food extracts were
found to be comparable to the conventional iodometric titration results (with the exception of highly
colored samples containing reducing agents, where iodometry was shown to exhibit a systematic error
while the proposed sensor could measure the true value). The proposed optical sensor is insensitive to
positive interferences from turbidity and colored components of the sample. Sulfite determination in a
complex food matrix can be performed using the rapid, simple and sensitive PRA-based sensor without a

need for pre-treatment.

© 2019 Published by Elsevier B.V.

1. Introduction

The term sulfite is used to describe tetravalent sulfur-based
materials such as sulfites, sulfur dioxides, bisulfites, and meta-
bisulfites, which are commonly used in a variety of foods and
beverages. In order to prevent bacterial growth and oxidation, as
well as to control both enzymatic and nonenzymatic reactions that
may occur during production and storage processes, sulfites as
antibacterial and antioxidizing additives are often used [1]. In the
food industry, sulfites play a role as preservatives, especially in
beverages, and syrups that require low pH values where sulfites are
converted into a powerful antimicrobial agent, sulfurous acid. Be-
sides, sulfites are also used to prevent undesired browning in fruits
and vegetables, in the dough as a conditioner, to bleach certain food
starches and cherries [2—4]. In addition, sulfites are used to pre-
serve the stability and effectiveness of certain drugs [5]. On the
other hand, it is known that high concentrations of sulfite cause
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allergic reactions in sensitive consumers. The US Food and Drug
Administration recommends warning labels be contained on solid
foods containing more than 10 mg/kg sulfite, and beverages con-
taining more than 10 mg/L sulfite [6,7]. Moreover, the high sulfite
contents of exported fruits and vegetables should be subject to
“food alert notifications” based on the general principles and re-
quirements of food law valid in the European Community member
countries [4]. Thus, sulfite content should be closely monitored in
food.

In recent years, there has been a growing interest in optical
sensors that are sensitive and selective to target analytes as a result
of various physico-chemical reactions [8,9]. Because of their low
cost, short analysis time, small size and suitability for on site/in situ
analysis, optical sensors show superiority over classical instru-
mental methods. Reagent based sensors, called optrodes, can be
applied to simple, rapid and low-cost analyses, and can also be
readily converted to test kits or test strips, making them suitable for
in situ tasks [10,11]. Optrodes are usually produced by immobilizing
various reagents on suitable membrane surfaces [12] by applying
techniques such as covalent bonding, electrostatic interaction, and
incorporation into the membrane [13]. Being a perfluorosulfonate
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cation exchanger membrane, Nafion is transparent, stable, and has
hydrophilic and hydrophobic regions. The hydrophilic region pro-
vides cation selectivity and ionic conductivity, while the hydro-
phobic region contains the basic chains. There is also an interlayer
region between hydrophilic and hydrophobic regions [14,15]. In
recent years, Nafion has been used as a support material in the
design of metal ion, pH, and oxygen sensors [16]. In addition, our
laboratory has used Nafion as a support material in devising novel
optical sensors for total antioxidant capacity measurement [17—19].

A most common method for determining sulfite in food is
Monier-Williams method [20], in which the sample is distilled
under acidic conditions and the end-point titration is performed.
But this method is time-consuming due to the distillation process
and is unsuitable for low sulfite concentrations. Another common
method, iodometric titration using a starch indicator [21], has
sensitivity problems. Recently, alternative and effective instru-
mental techniques, such as flow injection analysis (FIA) [22],
chemiluminescence [23], anodic stripping voltammetry [24], ion
chromatography [25], and high performance liquid chromatog-
raphy [26] have been reported. These methods have disadvantages
such as reagent consumption at high volumes, long analysis time
and need for sophisticated instrumental infrastructure. The para-
rosaniline (PRA) method used for the detection of SO; in the at-
mosphere [27] has recently been tried to make it suitable for sulfite
determination in food samples and to attain lower analysis times
with modification studies. In this method, highly conjugated amine
salt and pararosaniline hydrochloride (a component of the “basic
fuchsin” dye) are used to determine free sulfites. When hydro-
chloric acid and formaldehyde (FA) are added to aqueous para-
rosaniline, the light purple color darkens upon exposure to sulfite.
This method can be used as a quantitative test for sulfites. Li and
Zhao were able to detect the sulfite level semi-quantitatively in
5min with the modification they made in the method. After
waiting for 10 minat room temperature, more accurate results
were obtained with absorbance measurements [28]. Almeida and
co-workers designed a flow-batch analyzer (FBA) associated with
digital images (DIs) obtained from a webcam to measure the
amount of sulfite in vinegar samples [29]. Monro and co-workers
proposed a dip sensing platform for the detection of free sulfur
dioxide in wine, based on a colorimetric technique placed in a
microstructured optical fiber [30].

Based on the usage of PRA method of sulfite determination, we
developed an optical sensor applicable to the determination of
sulfite content of complex samples, which, to the best of our
knowledge, is the first colorimetric sulfite sensor to serve this
purpose in food extracts. The acidified cationic PRA reagent was
electrostatically immobilized onto the anionic sulfonate groups of
unmodified Nafion membrane surface. The proposed optical sensor
has been successfully applied to standard sulfite solutions, food
extracts, and beverages, and the results were compared with those
of traditional iodometric titration. The proposed method has
certain superiorities over classical methods such as operation in
turbid solutions, unresponsiveness to intrinsic color interference
from the sample, reagent saving and on site/in situ analysis
capability.

2. Experimental
2.1. Chemicals and equipment

The following chemical substances of analytical reagent grade
were supplied from the corresponding sources: Pararosaniline hy-
drochloride (PRA), ethanol (EtOH), sodium thiosulfate, starch,
Sigma-Aldrich; Nafion® 115 perfluorinated membrane (thickness
0.005 in), Aldrich; hydrochloric acid (HCI), potassium iodide (KI),
Riedel-de Haén; sodium sulfite (NaSO3), formaldehyde (FA), iodine

(Iz), Merck. Wines, vinegar, and apricots samples were supplied
from local markets. A certified reference sample (CRM) of dried
apricot containing 1478 mg/kg SO, was obtained from the Metro-
logical Institute of the Scientific and Technological Research Council
of Turkey (TUBITAK).

The visible spectra and absorption measurements were recor-
ded using a Varian Cary Bio 100 UV—vis spectrophotometer. Quartz
cuvettes with 2 mm path length for the sensor were used for
absorbance measurement with the sensor. A Scientz JY88-IIN ul-
trasonic extraction system was used for preparing apricot extracts.
Other related apparatus and accessories were Biosan Programma-
ble rotator-mixer Bulti Bio RS-24 and Elektromag vortex stirrer.

2.2. Preparation of solutions

PRA stock solution (2.6 x 10~ M) was prepared by dissolving
pararosaniline hydrochloride in 10% aqueous ethanol solution and
was stored at 4 °C. Sodium sulfite solution was freshly prepared in
water. Acidified PRA reagent for optical sensor manufacture was
prepared by adding 1 mL of PRA stock solution and 0.28 mL of 37%
HCl solution into a 100 mL volumetric flask, diluting with deionized
water and completing to the mark. The CRM was prepared in
accordance with the instructions for use in analysis. The sample
was stored at —80 °C prior to analysis. The CRM was allowed to
dissolve for one night at +4 °C the day before the analysis. The
package was allowed to warm to room temperature for 1 h before
opening. After the package was opened, it was homogenized by
mixing with a spatula. The CRM and apricot extracts were obtained
using ultrasonic extraction technique at 20 kHz and output power
of 650 W for 15 min. Each of the wine and vinegar samples were
diluted with water to the appropriate volumes for analysis.

2.3. Sensor fabrication

Nafion membrane was sliced into 4.5 x 0.5 cm pieces, immersed
into a tube containing 9 mL of acidified PRA reagent, and agitated
for 25 min in a rotator. The Nafion loaded with the PRA reagent was
called the ‘blank sensor’, and its color was pale yellow.

2.4. PRA-based optical sensor method

The blank sensor was placed in a tube containing working so-
lution (40 uL of FA + 2 mL of 1 M HCI + (6.96 mL - X) mL of water)
and agitated for 10 min in a rotator. Then, a further 10 min of
agitation was applied to the solution by adding x mL of sample
solution to enable color development. The colored membrane was
taken out and placed in a 2 mm optical cuvette containing working
solution (to prevent the color change of slices in the cuvette), and
its absorbance at 588 nm was read against a reference membrane
prepared under identical conditions without sample.

2.5. lodometric titration method

Iodometric titration was used as the reference method for the
determination of the amount of sulfite [21]. Back titration was used
to prevent sulfite loss in free SO, form in an acidic medium.

2.6. Interference studies

The interference effects of 10-fold (as ppm/ppm) concomitant
species commonly found in food extracts and beverages to the
determination of 5 ppm sulfite in a solution using PRA-based op-
tical sensor method were studied.
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Fig. 1. The schematic lay up for optical sensor preparation and sulfite detection (FA: formaldehyde, PRA: pararosaniline).

2.7. Statistical analysis

Statistical analyses were made with the use of Excel software
(Microsoft Office 2016) for obtaining the mean along with standard
error. Results were expressed as the mean + standard deviation
(SD). Using SPSS software for Windows (version 13), the data were
evaluated by two-way analysis of variance (ANOVA).

3. Results and discussion

The PRA hydrochloride aqueous solution is bright magenta. The
acidified solution with hydrochloric acid is bleached to give a pale
yellow color in cationic form. In the production of the designed
optical sensor, the acidified pale yellow cationic complex is
immobilized on the membrane surface as a result of electrostatic
interactions through anionic sulfonate groups of Nafion. The
resulting pale yellow blank sensor is immersed in an acidic solution
(working solution) containing FA before the analysis and a pale
purple color is formed depending on the iminium ion formed on
the sensor surface. Then the sulfite-containing solution is added to
the medium (sulfite reacts as H,SO3 due to the acidity of the me-
dium, as the working pH was well below the first pK; value of
sulfurous acid) and a highly conjugated alkyl amino sulfonic acid is
formed, and the sensor membrane surface attains a rich purple
color (Fig. 1). This stable color on Nafion after reaction of acidified
PRA with FA and sulfite is not detached from the membrane surface
although the adsorbate contains anionic sulfonate groups because
dyes immobilize to cation exchange membranes not only by ion
exchange but by a combination of electrostatic and hydrophobic
interactions [31]. As a result, the absorbance of the rich purple
colored sensor at a wavelength of 588 nm is measured (Fig. 2).

3.1. Analytical figures of merit

The linear equation of the calibration graph obtained for sulfite
using the proposed optical sensor was found to be
Asgg = 0.062C + 0.0173 (r = 0.996) (Fig. 3). In the equation, A de-
notes absorbance (measured against PRA-Nafion in working solu-
tion (reference sensor)) and C symbolizes concentration in ppm (or
microgram per milliliter). The detection and quantification limits
(LOD and LOQ) for sulfite were found as 0.084 and 0.280 ppm,
respectively. The absorbance values for sulfite in the range of 0.32
to 19.08 ppm (as final concentration) showed a linear correlation.
An excellent linear response was obtained in a wide concentration
range with the developed optical sensor as an unexpected case in

Absorbance

Wavelength (nm)

Fig. 2. Visible spectra of (a) PRA-Nafion in working solution (reference sensor) against
working solution, (b) PRA-Nafion in working solution with sulfite against the working
solution, (c) PRA-nafion in working solution with sulfite against reference sensor.
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Fig. 3. The calibration curve of sulfite (as absorbance versus concentration) with
respect to the PRA-based optical sensor (N = 3).

solid colorimetric sensors. The standard calibration curve of sulfite
was redrawn in red wine. The linear curves of sulfite standard in
pure water and in real complex matrix, such as red wine, showed an
excellent parallelism (Fig. 4). Thus, it was observed that there was
no chemical interaction between the analyte and red wine con-
stituents (that would otherwise cause chemical deviations from
Beer Law) and that the absorbances for sulfite were additive.

Known amounts of sulfite standards (3.2, 6.4, and 9.6 ppm) were
added to the diluted red wine sample and the amount of sulfite in
this solution was determined using the developed sensor to
investigate the precision and recovery of the method (Table 1). The
relative standard deviation (R.S.D., %), which is an indicator of the
precision of the method, was found to be 6.05% at a concentration
of 9.60 ppm SO,, which is the highest in the studied concentration
range. The sulfite recoveries ranged between 96.5% and 105.6% with
the developed optical sensor. The original sulfite concentration of
the diluted red wine sample was determined as 3.15 ppm SO,. This
was confirmed with the reference standard method of iodometry as
3.68 ppm SO,.

3.2. Interferences

The possible interference effects of 10-fold (as ppm/ppm)
interferent compounds commonly found in food matrix on the
determination of 5 ppm SO, equivalent sulfite with the PRA-based
optical sensor are shown in Table 2. The presence of 10-fold Cu",
Fe3t, Cr**, thiosulfate, oxalate, tartrate, citrate interferents that
may be found in beverages and food extracts did not interfere with
the proposed PRA-based optical sensor (as evaluated by the change
of sulfite absorbance signal by less than +5%). These potential

Table 1

Precision and recovery of the developed PRA-based optical sensor.

Sulfite additions to a red wine sample
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Fig. 4. Calibration curves of sulfite alone and in red wine with respect to the PRA-

based optical sensor (N = 3).

Added conc. (SO, eqv., ppm) 3.20
Mean (SO, eqv., ppm)? 3.38
S.D. 0.13
R.S.D., %° 3.85
REC, % 105.6
Added conc. (SO, eqv., ppm) 6.40
Mean (SO; eqv., ppm)* 6.25
s.D.° 035
R.S.D., %° 5.60
REC, %! 97.7
Added conc. (SO, eqv., ppm) 6.40
Mean (SO, eqv., ppm)? 6.25
s.D. 035
R.S.D., %° 5.60
REC, % 97.7

Sulfite concentration of unspiked (but diluted) red wine sample was 3.15 ppm SO5.
Mean and recovery (%) were calculated based on the concentration of added sulfite.
2 Mean.
b Standard Deviation.
¢ Relative Standard Deviation.
d Recovery.

interferents were recommended to be investigated for sulfite
determination in other literature sources [28,29].

3.3. Sulfite content measurement of real samples

The sulfite contents of the tested food extracts and beverages
were determined as ppm SO, equivalents by using the proposed
sensor and conventional iodometric titration method, as summa-
rized in Table 3. The results obtained by both methods were
compatible with each other at 95% confidence level (P=0.05,
Fexp = 3.472, Fuit(table) = 5.987, Fexp < Ferittable))- In addition, there
was a reasonable agreement between the ppm SO, values found by
the proposed PRA-based optical sensor and those of the conven-
tional iodometric titration method, with a correlation coefficient of
r=0.9924. This is a strong positive correlation (N=7 and
r? =0.9849) at P <0.001 level, showing that the result is highly
significant. White vinegar showed the highest sulfite content while
apple vinegar showed the lowest sulfite content among studied
liquid samples for both methods. The sulfite content of CRM of
dried apricot was determined as 1524 + 52 mg/kg SO, (n = 3) by the
proposed PRA-based optical sensor. The determined sulfite content
was only 3% higher than the reference value (1478 mg/kg SO),
confirming the absence of any bias based on equivalence with CRM
assigned values.

The higher sulfite contents were obtained for colored samples
using the conventional iodometric method, as compared with the
proposed optical sensor. Some reducing compounds and coloring

Table 2
Effects of various possible interferents in food matrix to the proposed PRA-based
optical sensor in the determination of 5 ppm SO, equivalent sulfite in solution.

Interferents Interferent/Sulfite ratio Presence (+) or absence
(—) of interference with
the PRA-based optical sensor

Cu?* 10 -

Fe3* 10 -

Mg+ 10 -

cr3t 10 -

Thiosulfate 10 -

Oxalate 10 -

Tartrate 10 -

Citrate 10 -

Acetic acid 10 -
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Table 3

Sulfite content of some liquid samples and food extracts as assayed by the proposed PRA-based optical sensor and conventional iodometric

titration method (N = 3).

Liquid Samples

PRA optical sensor (ppm SO,)

Iodometric titration (ppm SO;)

Red wine 45.05+1.76
White wine 37.53 +0.66
White vinegar 53.34+1.08
Apple vinegar 19.46 +1.25
Grape vinegar 35.51+1.37

Food Extracts
Apricot extract 1
Apricot extract 2

1.23+0.04
0.83+0.08

PRA optical sensor (ppm SO3)

53.86+2.28

39.28 +1.90

54.07 £1.32

19.64 +1.09

40.56 +2.20

lodometric titration (ppm SO,)
1.21+0.03

0.88 +0.01

(P = 0~05v Fexp = 3~472v Fcrit(table) = 5~987v Fexp < Fcrit(table))

agents in red wines are known to interfere with iodometric sulfite
determination. For example, in an inter-laboratory comparison
study according to a specified version of the Ripper iodometric
titration for total sulfur dioxide, it was demonstrated that, although
rapid and convenient, the Ripper method was severely limited by
poor precision and large systematic error (amounting to 15-16%) in
the determination of SO, in wine samples containing colored
components and other reducing agents besides sulfite [32]. Addi-
tionally, there are difficulties with the determination of the titra-
tion end-point for red colored samples [33—35]. The method
described by Almeida and co-workers requires a flow-batch
analyzer in association with digital images (obtained from a web-
cam) for the determination of sulfites [29]. On the other hand, the
proposed optical sensor performs a sensitive sulfite assessment
without the need for any sophisticated system and it has the po-
tential to be converted to a kit format (similar to commercial pH
indicator strips). The measurement made by Almeida et al. (i.e.,
with the aid of the calibration curve using the ‘green channel’ due
to the fact that ‘green’ is the color component absorbed by the pale
purple PRA-sulfite complex, and expected to yield the best
response for absorbance calculation) [29] has a higher intercept
and LOQ value than the proposed sensor and therefore has lower
sensitivity. In addition, the proposed sensor is insensitive to posi-
tive interferences from turbidity and colored components
frequently encountered in food samples.

4. Conclusions

In this study, a sensitive and selective optical sensor was
designed for the determination of sulfite content in complex food
matrices by visiting an old concept of pararosaniline colorimetry
and bringing it a new life. The support material of the sensor is a
Nafion cation exchanger membrane which is commercially acces-
sible and is frequently used in optical sensor applications. The
cationic form of PRA, which is a component of Basic fuchsin dye, in
strong acidic medium is easily immobilized on the surface of the
Nafion membrane by electrostatic interactions. The pale purple
color of PRA-Nafion membrane in formaldehyde-containing
working solution was intensified with sulfite, and the absorbance
change associated with the formation of the rich purple highly
conjugated alkyl amino sulfonic acid as a result of reaction with
sulfite was measured at 588 nm. This colorimetric sensor was
successfully applied to standard sulfite solution, beverages, and
food extracts. The data obtained are given as ppm SO, equivalent.
The proposed optical sensor is insensitive to positive interferences
from turbidity and colored components frequently encountered in
food samples. This simple, rapid and sensitive sulfite sensor can
easily and precisely detect the critical limits of sulfite additions to
fumigated dried apricot or wine (the maximum levels of sulfite
contents of fumigated dried apricot and wine expressed as
2000 mg/kg and 200 mg/L SO, were set by the Commission Regu-
lation (EU) [36]), whereas the 0.280 ppm SO, equivalent LOQ

obtained by this method was well below all legally set limits for
food. In addition, this proposed optical sensor has the potential to
be converted to a kit format (similar to commercial pH indicator
strips).

Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments

We thank Istanbul University-Cerrahpasa, Application &
Research Center for the Measurement of Food Antioxidants for
sharing its research infrastructures.

References

[1] C. Ruiz-Capillas, F. Jiménez-Colmenero, Application of flow injection analysis
for determining sulphites in food and beverages: a review, Food Chem. 112
(2009) 487—493.

[2] G. Sapers, Browning of foods: control by sulfites, antioxidants, and other
means, Food Technol.(USA) 47 (1994) 75—84.

[3] M.S. Abdel-Latif, New spectrophotometric method for sulfite determination,
Anal. Lett. 27 (1994) 2601—2614.

[4] K. Giiclii, M. Altun, M. Ozyiirek, S.E. Karademir, R. Apak, Antioxidant capacity
of fresh, sun- and sulphited-dried Malatya apricot (Prunus armeniaca) assayed
by CUPRAC, ABTS/TEAC and folin methods, Int. J. Food Sci. Tech. 41 (2006)
76—85.

[5] L.C. Knodel, Current issues in drug toxicity potential health hazards of sulfites,
Tox. Subst. Mech. 16 (1997) 309—311.

[6] U. FDA, Sulfiting agent: revocation of GRAS status for the use on fruits and
vegetables served raw or sold to consumers, Fed. Regist. 51 (1986)
25021-25026.

[7] Food and Drug Administration, Food labeling: declaration of sulfiting agents,
Fed. Regist. 51 (1986) 25012—25020.

[8] D. Diamond, Principles of Chemical and Biological Sensors, Wiley, New York,
1998.

[9] Z. Xu, X. Chen, H.N. Kim, J. Yoon, Sensors for the optical detection of cyanide

ion, Chem. Soc. Rev. 39 (1997) 127—137.

[10] O.S. Wolfbeis, Fiber-optic chemical sensors and biosensors, Anal. Chem. 80
(2008) 4269—4283.

[11] B.D. Mac Craith, C. Mcdonagh, G. O’Keeffe, T. Butler, B. O'Kelly, J.F. Mcgilp,
Fibre optic chemical sensors based on evanescent wave interactions in sol-
gel-derived porous coatings, J. Sol-Gel Sci. Techn. 2 (1994) 661—665.

[12] D.T. Newcombe, T,J. Cardwell, RW. Cattrall, S.D. Kolev, An optical redox
chemical sensor based on ferroin immobilised in a Nafion® membrane, Anal.
Chim. Acta 401 (1999) 137—144.

[13] A. Kawalec, K. Jasek, M. Pasternak, Measurements results of SAW humidity
sensor with Nafion layer, Eur. Phys. J. Spec. Top. 154 (2008) 123—126.

[14] V. Silva, B. Ruffmann, S. Vetter, M. Boaventura, A. Mendes, L. Madeira,
S. Nunes, Mass transport of direct methanol fuel cell species in sulfonated poly
(ether ether ketone) membranes, Electrochim. Acta 51 (2006) 3699—3706.

[15] B. Zinger, P. Shier, Spectroscopic studies of cationic dyes in Nafion®. Pre-
liminary investigation of a new sensor for hydrophilic contamination in
organic solvents, Sensor Actuat. B-Chem. 56 (1999) 206—214.

[16] V. Misra, H. Mishra, H. Joshi, T. Pant, An optical pH sensor based on excitation
energy transfer in Nafion® film, Sensor Actuat. B-Chem. 82 (2002) 133—-141.

[17] M. Bener, M. Ozyiirek, K. Giiclii, R. Apak, Development of a low-cost optical
sensor for cupric reducing antioxidant capacity measurement of food extracts,
Anal. Chem. 82 (2010) 4252—4258.


http://refhub.elsevier.com/S1386-1425(19)31033-9/sref1
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref1
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref1
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref1
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref1
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref2
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref2
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref2
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref3
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref3
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref3
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref4
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref4
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref4
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref4
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref4
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref4
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref5
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref5
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref5
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref6
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref6
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref6
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref6
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref7
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref7
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref7
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref8
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref8
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref9
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref9
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref9
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref10
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref10
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref10
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref11
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref11
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref11
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref11
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref12
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref12
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref12
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref12
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref13
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref13
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref13
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref14
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref14
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref14
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref14
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref15
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref15
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref15
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref15
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref16
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref16
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref16
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref17
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref17
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref17
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref17
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref17

6

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

M. Bener et al. / Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 226 (2020) 117643

M. Bener, M. Ozyiirek, K. Giiclii, R. Apak, Novel optical fiber reflectometric
CUPRAC sensor for total antioxidant capacity measurement of food extracts
and biological samples, J. Agric. Food Chem. 61 (2013) 8381—8388.

M. Bener, R. Apak, Ferric-o-phenanthroline adsorbed on a Nafion membrane:
a novel optical sensor for antioxidant capacity measurement of food extracts,
Sensor Actuat. B-Chem. 247 (2017) 155—162.

G. Monier-Williams, A new method for the determination of benzoic acid in
foods, Analyst 52 (1927) 572—575.

Z.Ning, Handbook for Analysis of Food Ingredients, China Light Industry Press,
Beijing, 1998.

N.T. de Paula, E.M. Barbosa, P.A. da Silva, G.C. de Souza, V.B. Nascimento,
AF. Lavorante, In-line electrochemical reagent generation coupled to a flow
injection biamperometric system for the determination of sulfite in beverage
samples, Food Chem. 203 (2016) 183—189.

Y. Huang, C. Zhang, X. Zhang, Z. Zhang, Chemiluminescence of sulfite based on
auto-oxidation sensitized by rhodamine 6G, Anal. Chim. Acta 391 (1999) 95—100.
D. Huang, B. Xu, ]J. Tang, J. Luo, L. Chen, L. Yang, Z. Yang, S. Bi, Indirect deter-
mination of sulfide ions in water samples at trace level by anodic stripping
voltammetry using mercury film electrode, Anal. Methods 2 (2010) 154—158.
R.D. Rocklin, E.L. Johnson, Determination of cyanide, sulfide, iodide, and
bromide by ion chromatography with electrochemical detection, Anal. Chem.
55 (1983) 4—7.

R. McFeeters, A. Barish, Sulfite analysis of fruits and vegetables by high-
performance liquid chromatography (HPLC) with ultraviolet spectrophoto-
metric detection, J. Agric. Food Chem. 51 (2003) 1513—1517.

R.V. Nauman, P.W. West, F. Tron, G. Gaeke, A spectrophotometric study of the
Schiff reaction as applied to the quantitative determination of sulfur dioxide,
Anal. Chem. 32 (1960) 1307—-1311.

[28]

[29]

(30]

Y. Li, M. Zhao, Simple methods for rapid determination of sulfite in food
products, Food Control 17 (2006) 975—980.

P.L. Almeida, T.HF. do Bonfim, F.A.S. Cunha, KM. Lima, J.S. Aquino,
LF. Almeida, A rapid, sensitive and green analytical method for the deter-
mination of sulfite in vinegars using pararosaniline reaction with image
detection, Anal. Methods 10 (2018) 448—458.

T.M. Monro, RL. Moore, M.-C. Nguyen, H. Ebendorff-Heidepriem,
G.K. Skouroumounis, G.M. Elsey, D.K. Taylor, Sensing free sulfur dioxide in
wine, Sensors 12 (2012) 10759—-10773.

[31] J.S. Wu, C.H. Liu, K.H. Chu, S.Y. Suen, Removal of cationic dye methyl violet 2B

from water by cation exchange membranes, J. Membr. Sci. 309 (2008)
239-245.

[32] J.M. Vahl, J.E. Converse, Ripper procedure for determining sulfur dioxide in

[33]

[34]

[35]

[36]

wine: collaborative study, J. Assoc. Off. Anal. Chem. (AOAC) 63 (1980)
194—-199.

I. Sarudi, J. Kelemen, Determination of sulphur and total sulphur dioxide in
wines by an ICP-AES method, Talanta 45 (1998) 1281—1284.

G. Jankovskiene, Z. Daunoravicius, A. Padarauskas, Capillary electrophoretic
determination of sulfite using the zone-passing technique of in-capillary
derivatization, J. Chromatogr. A 934 (2001) 67—73.

C.M. Azevedo, K. Araki, H.E. Toma, L. Angnes, Determination of sulfur dioxide
in wines by gas-diffusion flow injection analysis utilizing modified electrodes
with electrostatically assembled films of tetraruthenated porphyrin, Anal.
Chim. Acta 387 (1999) 175—180.

EU Commission, Commission Regulation (EU), No 1129/2011 of 11 november
2011 amending annex II to regulation (EC) No 1333/2008 of the european
parliament and of the Council by establishing a union list of food additives,
Off. J. Eur. Union 295 (2011), 12-11.


http://refhub.elsevier.com/S1386-1425(19)31033-9/sref18
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref18
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref18
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref18
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref18
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref19
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref19
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref19
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref19
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref20
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref20
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref20
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref21
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref21
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref22
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref22
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref22
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref22
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref22
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref23
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref23
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref23
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref24
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref24
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref24
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref24
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref25
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref25
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref25
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref25
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref26
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref26
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref26
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref26
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref27
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref27
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref27
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref27
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref28
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref28
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref28
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref29
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref29
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref29
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref29
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref29
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref30
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref30
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref30
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref30
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref31
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref31
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref31
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref31
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref32
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref32
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref32
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref32
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref33
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref33
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref33
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref34
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref34
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref34
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref34
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref35
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref35
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref35
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref35
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref35
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref36
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref36
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref36
http://refhub.elsevier.com/S1386-1425(19)31033-9/sref36

	Novel pararosaniline based optical sensor for the determination of sulfite in food extracts
	1. Introduction
	2. Experimental
	2.1. Chemicals and equipment
	2.2. Preparation of solutions
	2.3. Sensor fabrication
	2.4. PRA-based optical sensor method
	2.5. Iodometric titration method
	2.6. Interference studies
	2.7. Statistical analysis

	3. Results and discussion
	3.1. Analytical figures of merit
	3.2. Interferences
	3.3. Sulfite content measurement of real samples

	4. Conclusions
	Declaration of competing interest
	Acknowledgments
	References


