DETERMINATION OF SULFITE IN WINE BY ZONE ELECTROPHORESIS
WITH ON-LINE ISOTACHOPHORESIS SAMPLE PRETREATMENT ON A CHIP
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A POLY(METHYLMETHACRYLATE) COLUMN=-COUPLING CHIP EQUIPMENT FOR ELECTROPHORESIS SEPARATIONS
FOR ITP-ZE SEPARATIONS ON CC CHIPS
Sulfur dioxide and various oxoanions of S(IV) are traditionally used Electronic unit Chip Electrolyte unit
In the vinification process. Products formed by sulfite and wine constituents are CTE | _ _? E3 ()P-TE
numerous and in some of them sulfite is bound reversibly. It can be released = =, G o
from such adducts on acidification or alkalization of wine. - il N DP-S
Content of sulfite in wine is one of the parameters characterizing its quality L -C-S
o S _ BF D-ITP D-ITP [~ ‘l — W
and, therefore, the determination of free and total sulfite in wine is required. HVR | TP
| 11—
Current methods used for this purpose are demanding as far as the sample 3o |
mett purp g p B e ?D_ZE - |
preparation is concerned and attempts focused on their replacements are ‘ :z"\BE . -
| _C-
obvious. lon chromatography and capillary electrophoresis are analytical
. : o D-ZE |-—-——————— -t —————1 R D P-
alternatives often considered in this respect. = E2_()P-ZE
L
This work was intended to develop analytical procedures suitable C-TE = terminating electrolyte channel (a 9.8 ul volume) PC
. _ o _ C-S = sample injection channel (a 0.9 ul volume) —_E1 ()P-ITP
to the determination of both sulfite forms in wine by zone electrophoresis (ZE) C-ITP = ITP separation channel (a 4.5 ul volume) with a Pt-conductivity sensor (D-ITP) et s !
: . : C-ZE = ZE separation channel (a 4.3 ul volume) with a Pt-conductivity sensor (D-ZE) &
with an on-line isotachophoresis (ITP) sample pretreatment on a column- BE = bifurcation section
- - ' ' ' BE, LE, TE, S = inlets for the background, leading, terminating and sample solutions to CU = control unit P-ITP, P-ZE, P-S, P-TE = peristaltic pumps for
coupling (CC) chip. Our goals were to develop simple, rapid and reliable the chit channels, respectively g g g P HV = high-voltage power supply filing the ITP (C-ITP), ZE (C-ZE), terminating
analytical procedures with pre-column sample preparation kept at a minimum. W = outlet to waste D-ITP, D-ZE = conductivity detectors (C-TE) and sample (S) channels with the
for the ITP and ZE separation electrolyte and sample solutions
channels W = waste container
HVR = high-voltage relay E1l, E2 = driving electrodes for the ITP and ZE
G = ground pole of HV separation channels

E3 = terminating driving electrode connected to
a high voltage pole of HV

OPERATIONAL STEPS IN THE ITP-ZE DETERMINATION OF SULFITE IN WINE
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A M S = sample

A = analyte
M = matrix constituents

END OF THE RUN IN THE ITP CHANNEL
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BF = bifurcation section
C-ITP, C-ZE = ITP and ZE separation channels
LE, TE, BE = leading, terminating and background electrolyte solutions

TRANSFER OF THE STACKED SAMPLE CONSTITUENTS TO THE ZE CHANNEL
BY SWITCHING THE DIRECTION OF THE DRIVING CURRENT

D-ITP, D-ZE = detection sensors in the ITP and ZE separation channels

| | | = direction of the driving current

A

ZE SEPARATION AND DETECTION OF THE TRANSFERRED
SAMPLE CONSTITUENTS

A

DETERMINATION OF FREE SULFITE IN WINE

The free sulfite was determined by ITP-ZE after conversion of the analyte to Table 1. Quantitation of free sulfite in wine by ITP-ZE on the CC chip

a stable sulfite-formaldehyde complex (hydroxymethanesulfonate, HMS) and this Wine sample External Standard Recovery
was achieved by adding formaldehyde to wine.The following scheme describes calibration addition
this rapid reaction: b _ _
SO, +HCOH +H,0 ® HOCH,SO.H Determined SD Determined
_ [mg/1] [mg/1] [mg/1] [%]
Main results Muscat Ottonel <2 - <2 -
_ a
@ ITP sample pretreatment, performed at low pH, significantly reduced Frankovka modra <2 - <2 88
the number of anionically migrating wine constituents present in the sulfite Heppenheimer Centgericht 21.6 0.3 24 1 88
(HMS) fraction transferred for a final separation and detection of HMS in the ZE German wine standard 16.6 1.0 18.4 90
stage of the ITP-ZE combination. Sulfite Titrivin. reference AAL < ] < )
@ The use of the carrier effect of dichloroacetate for pyruvate (dilution of pyruvate | Titrivin. reference AA2 33 04 ) )
by dichloroacetate) in the ITP stage of the separation eliminated a problem o | |
: : : Titrivin, reference AA3 23.2 0.7 - -
of the peak overlap of HMS with this anion.
: - . . Titrivin, reference AA4 13.1 0.9 14.8 89
@ ITP and ZE, performing specific analytical tasks, contributed to a 900 ug/I
concentration detectability for sulfite as attained for a 60 nl load of wine 4('30 660 8('30

(a 15-fold wine dilution and the use of a 0.9 ul sample Injection channel Time (s)

of the chip) and, consequently, to the determination of free sulfite when this was _
Electrolyte system:

presentinwine ata 3 mg/l concentration. ITP-ZE of free sulfite in a German reference wine sample Leading electrolyte: 10 mmol/l hydrochloric acid buffered with beta-alanine to pH 3.5
@ Quantitation of free sulfite in wine by the present ITP-ZE procedure on the CC Terminating electrolyte: 20 mmol/| tartaric acid buffered with beta-alanine to pH 3.9
chip characterize the data summarized in Table 1. ) | N | Carrier electrolyte: 15 mmol/l succinic acid buffered with beta-alanine to pH 4.0
a = a run with the original wine sample Methylhydroxyethylcellulose (MHEC), added to the electrolyte solutions at 0.05-0.1 %
b = the same sample as in (a) with free sulfite converted to HMS concentrations, served as an EOF suppressor.

DETERMINATION OF TOTAL SULFITE IN WINE

Oxidation of both free and bound sulfite to sulfate by hydrogen peroxide
(at pH 10 to release the bound form) was used in the determination of total sulfite

. : i : . : . Chloride
inwine. The following reaction scheme describes the oxidation: ) o . _
Table 2. Quantitation of total sulfite in wine by ITP-ZE on the CC chip
SO, +H,0, ® H,SO,
_ - _ _ Wine sample  Sulfite oxidation External Standard  Recovery
The ITP-ZE procedure based on this oxidation conversion includes the ibrati qditi
determination of sulfate before and after oxidation to correct the results for sulfate callbration addition
presentin the sample before oxidation. Sulfate Determined S.D. Determined
; | [mg/] [mg/] [mg/l] [%]
Main results ' | direct 45.3 0.6 45.0 99
- - : . - Heppenheimer
@ ITP, performed on the CC chip at low pH, provided a rapid and efficient on-line after distillation (1) 478 1.2 ] ]
sample pretreatment for sulfate present in wine matrices. . Centgericht o
@ Alow pH of the carrier electrolyte (4.2) gave an adequate selectivity in a final ZE after distillation (2)  45.0 1.3 - -
separation of sulfate from matrix constituents present in the ITP pretreated all direct 84.0 1.3 84.9 101
i C SR - aller
sample and, at the same time, a sufficient sensitivity in its conductivity b L‘A\“ after distillation (1) 86.5 )5 ) )
detection. Thurgau o
@ A high sample loadability of the ITP stage made possible to pretreat samples 3 M after distillation (2) 87.2 0.4 - -
loaded into a 950 nl sample injection channel of the CC chip. This,
cooperatively, with the ZE separation and sensitive detection of sulfate made ' ' '
possible to detect this anion at a concentration corresponding to a 90 ug/l 400 . :]‘:O(S) 700
concentration of sulfite.
@ The results of determination of total sulfite in test wine samples obtained by Electrolyte system:
ITP-ZE with the hydrogen peroxide oxidation of sulfite agreed very well with L : : :
yrrogen p J Y ITP-ZE of total sulfite in a Heppenheimer Centgericht wine sample Leading electrolyte: 10 mmol/lI hydrochloric acid with 4 mmol/l bis-tris propane (BTP)

those in which sulfite was isolated from wine matrices by a current Monier- buffered by beta-alanine to pH 3.5

Williams distillation procedure. e L . .
L . . : Terminating electrolyte: 20 mmol/l citric acid buffered with beta-alanine to pH 3.5
@ ITP-ZE combination on the CC chip with conductivity detection of sulfate offers Carrier electrolyte: 15 mmol/l citric acid with 7 mmol/| BTP buffered by beta-alanine

arapid (analysis time of 10 minutes) procedure to the determination of sulfate in _ to bH 4.0
wine matrices, while a direct oxidation of sulfite to sulfate by hydrogen peroxide a = blank run : — n

: ’ ) ) : 7 : b = reference run (wine sample measured before oxidation) MHEC, added to the electrolyte solutions at 0.05-0.2 % concentrations, served as
provides (reached in about 30 minutes at a high pH) a quantitative conversion ¢ = run with the same sample as in (b) after oxidation of sulfite an EOF suppressor.

of both the free and bound forms of sulfite.
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