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INTRODUCTION

This feasibility study was focused on the use of a poly(methylmethacrylate) chip, provided with two separation channels in the column-coupling
(CC) arrangement and on-column conductivity detection sensors, to the ITP and ITP-CZE separation and determination of food preservatives and taste
intensifying components.

Preservatives and taste intensifying components taken into our study included benzoate, sorbate, p-hydroxybenzoic acid esters (parabens) and
glutamate. Awide variety of food products and cosmetics (about 20 products) was used to assess roles of different matrices (proteinous material, fat,

INSTRUMENTATION

Schematic arrangements of the channels on the chip and their geometrical dimensions are given in Fig. 1. The separations on these chips were
performed in alaboratory constructed CE equipment. This equipment consisted of two units:

1) An electrolyte and sample management unit (E&SMU, in Fig. 1) connected via 300 mm |.D. FEP (fluorinated ethylene propylene copolymer) capillary
tubes to the inlets of the channels on the chip. Valves of this unit (V1, V2, VT and VS, in Fig. 1) served to open these inlets on filling the channels and
they were closed during the separations. Syringes (P1, P2, PS and PT, in Fig. 1), connected to the inlets of the corresponding valves, delivered
electrolyte solutions and the sample to the channels before the CE run. An outlet channel of the chip, connected to a waste container (W, in Fig. 1),
was permanently opened.

2) An electronic and control unit (E&CU, in Fig. 1) delivered the driving current, measured conductivity with the aid of platinum detection sensors,
sputtered on the cover of the channels of the chip. It also interfaced the CE equipmentto a PC computer.
ITP Win software (version 2.31) obtained from Kascomp (Bratislava, Slovak Republic) was used for a time-programmed control of the CE runs and
for the acquisition of the detection data and their processing.

CHEMICALS AND ELECTROLYTE SOLUTIONS

Chemicals used for the preparation of the electrolyte solutions and the solutions of preservatives and taste intensifying components were obtained
from Sigma (St. Louis, MO, USA), Serva (Heidelberg, Germany) and Merck (Darmstadt, Germany). Methylhydroxyethylcellulose 30 000 (Serva),
purified on a mixed-bed ion exchanger (Amberlite MB-1; BDH, Poole, UK), was used as a suppressor of electroosmotic flow. It was added to the leading
and carrier electrolyte solutions. Compositions of the electrolyte solutions employed in the ITP and ITP-CZE separations on the chips are given
in Table 1.

Water purified by a Pro-PS water purification system (Labconco, Kansas City, KS, USA) was used for the preparation of the solutions. The

electrolyte solutions used in the separations were filtered by disposable membrane filters of 0.8 nm pore sizes (Sigma) connected to syringes used for

SAMPLES

Glutamate

Food samples, claimed to contain glutamate as a food taste enhancer at permitted concentrations, were used. They were bought in a local
supermarket and included: meat stock Masox, vegetable soup Knorr, French soup Maggi, bovine stock Knorr, spice Kotanyi, goulash soup Carpathia,
spice Knorr.

Stock solutions of the samples were prepared by dissolving the samples in deionized water followed by filtration. Histidine was used for pH adjustment of
the sample solutions.

Parabens

Stock solutions of p-hydroxybenzoic acid and its methyl-, ethyl-, propyl- and butyl esters, dissolved in demineralized water at 2 mmol/l
concentrations, were used for the preparations of model and calibration samples. Skin lotion Oriflame-Natural, bought in a local supermarket, served as
a practical sample. The sample was diluted 5-10 times with deionized water before the ITP analysis. Bis-tris propane added at a 4 mmol/l concentration
served for a pH adjustment of the sample solution.

Benzoate

Food samples, claimed to contain benzoic acid as a preservative at permitted concentrations, were used. They included: Sunquick, lemon juice
concentrate; Boos, rum-cola drink; Alina, alemon taste intensifier; ketchup, hot dressing; Tropical chillisauce, hot taste enhancer.

Sorbate

Food samples, claimed to contain sorbic acid as a preservative at permitted concentrations, were used. They included: Sunquick, lemon juice
concentrate; Boos, rum-cola drink; apricot marmalade; Hellmanns, light mayonnaise; Linco, light margarine.

lllustrative isotachopherograms as obtained from the separations of anionic constituents present in various glutamate containing food products on
the CC chip show (Fig. 3) that, in all instances, main matrix constituents had shorter zones than glutamate. Therefore, the procedures as elaborated to

Under the electrolyte conditions as used in conventional ITP equipment (ES1,
in Table 1) we could detect glutamate by the conductivity detector on the CC chip when
its concentration in the loaded sample (1 nm) was 10 mol/l or more. TE

Repeatabilities of the ITP determination of glutamate in food products taken into
this feasibility study characterize data summarized in Table 1. Differences in food
matrices had no detectable impact on the repeatability in the determination of
glutamate. The RSD values obtained in this respect for real-life samples did not deviate G
significantly from those obtained under identical working conditions on the CC chip for
this analyte present in model samples (2.5-3.0 %). In addition, they corresponded to
those, which could be expected for similar zone-lengths in conventional ITP equipment.

The calibration graph used for the quantitation of glutamate in food products,
covering the concentration span of 60-450 nmol/l described the regression equation, a
y =0.26 + 0.042x (y = a time based zone length of glutamate; x = the concentration of
glutamate [rmol/l]) with a 0.9921 correlation coefficient.

Relatively high concentrations of chloride in the food samples approximately b
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doubled the analysis time in comparison to what was attainable for model samples

'

E&CU _ E&SMU Fig. 1. A scheme of the CE equipment used in the ITP and ITP-CZE separations
P mmmmmmoooooooooo———on CC Chip ittt | onthe CC chips.
| | | 4 VT T i Electronic and control unit (E&CU): CU = control unit; HV = high-voltage power supply
i : —] | (a high-voltage pole was connected to the driving electrode in the terminating channel
| o= | | ST | | of the chip, ST); CD1, CD2 = conductivity detectors for the first and second separation
| | ) | | channels, respectively; HV-relay = a high-voltage relay switching the direction of the
| | | s2 i | driving current in the separation compartment (moving reeds of this relay connect to the
| | T 1S PS | ground pole of HV either CE1 or CE2). CE1, CE2 = counter-electrodes for the first and
| CDL  [rrereprermmmseeens B T L= | second separation channels, respectively.
| HV-relay i ;01: (W] | Electrolyte and sample management unit (E&SMU): V1, V2, VT = needle valves for the
: B s | inlets of the separation and terminating channels of the chip; VS = a pinch valve for the
| cu i ------- 4F | | inlet of the sample injection channel; W = waste container; P1, P2, PS, PT = syringes for
| o | | | filling the first, second, sample injection and terminating channels with the electrolyte
i | | —~sc2| i and sample solutions, respectively.
| o2 b | 1L i V2 Py | CC chip = a poly(methylmethacrylate) chip, version 1.1: S1 = a 0.96 ml sample injection
| | —— — | channel (24 x 0.2 x 0.2 mm [length, width, depth]); S2 =a 9.2 nl sample injection channel
| : }CEZ: Vi o1 | (46 x 1.0 x 0.2 mm); SC1 =the first separation channel (a 2.08 m volume; 52 x 0.2 x 0.2
| oe | - 1 i mm) with a platinum conductivity sensor (connected to CD1); SC2 = the second
i : (J__)\ | | separation channel (a 1.68 m volume; 42 x 0.2 x 0.2 mm) with a platinum conductivity
! e !
Table 1 Electrolyte systems
ITP SEPARATION Parameter Electrolyte system
PREPARATION RUN ES1 ES2 ES3 ES4
ITP
! S JrL'I Leading anion Chloride Chloride Chloride Chloride
_TE Concentration (mmol/l) 10 10 10 10
] Counter ion Histidine BTP b-alanine  Histidine
< EOF suppressor MHEC MHEC MHEC MHEC
J—S1 g Concentration (%, w/v) 0.2 0.2 0.2 0.2
=W N pH 6.15 9.5 3.9 5.7
| ~LE Terminating anion MES a-alanine Propionate MES
1L 1L Concentration (mmol/l) 8 10 10 8
| Counter ion Histidine BTP EACA Histidine
//LE pH 6.2 10.0 4.7 6.0
JL | .--CD2 CZE
i < 1‘\ Carrier ion Propionate MES
L CE2 Concentration (mmol/l) 10 25
i B | Counter ion EACA Histidine
EOF suppressor MHEC MHEC
Concentration (%, w/v) 0.2 0.2
pH 4.2 5.1
ITP-CZE SEPARATION MHEC = methylhydroxyethylcellulose, MES = morpholinoethane sulfonic
acid, EACA = e-aminocaproic acid
PREPARATION ITP CZE
— X
| —TE
. Fig. 2. Schemes of the ITP (the tandem-coupled separation channels)
_s1 and ITP-CZE separation modes on the CC chip.
W Preparation = arrangements of the solutions in the channels of the chip at
LE Bz the start of the separation. S1 = sample; LE, LE1, LE2 = symbols for the
// 1115 b1 leading electrolyte solutions; TE = terminating electrolyte solution;
= F 4 I BGE = background (carrier) electrolyte solution. CD1, CD2 = on-column
4 }i2 conductivity sensors in the first and second separation channels,
| —BGE respectively; CE1, CE2 = driving electrodes for the first and second
dL AL 1 .--cb2 separation channels, respectively; i, i1, i2 = symbols for the driving currents
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ITP-CZE DETERMINATION OF BENZOIC ACID IN FOOD MATRICES

ITP determination of benzoic acid was possible when its concentration in the

injected sample was 0.1 mmol/l or higher (a 1 ml sample channel) using the ITP
electrolyte systems, ES 3 (Table 1). Although a conventional ITP instrumentation
provides working conditions suitable to the determination of benzoic acid in food
products, a transfer of these methodologies to the chip format was not effective.
Here, the separation capacity of the channels on the chip was not sufficient to
reach a complete ITP resolution of benzoate from matrix constituents before its
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detection and quantitation from the response of the conductivity detector. Sample " ' !

preparation steps leading to appropriate analyte/matrix concentration ratios before
the ITP determination on the chip became essential for this food preservative.
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These limitations of ITP directed our task to the use of the ITP-CZE
combination on the CC chip and a practical analytical utility of the chip to the

determination of the food preservatives present in complex food matrices was
assessed. The ITP stage of the combination was employed for the sample
pretreatment (concentration of the analyte and a removal of the main part of the
matrix) while the CZE stage served for a final separation of the preservative from

the matrix comigrants.

A series of food products, claimed to contain benzoate as a food preservative,
represented in our feasibility study different nature of matrices (proteinous
material, fat, organic acids, carbohydrates, salts). lllustrative electropherograms in
Fig. 5 were obtained from the ITP-CZE separation of benzoate present in a

complexionic ketchup matrix.

French soup 20.3 3.90
Bovine stock 165.6 3.95

Table 4 Determination of benzoic and sorbic acids in food products
Food product Benzoic acid Sorbic acid , , ,
determined* determined* 370 620 870

(9/kg) (9/kg) time (s)

Spice 30.4 3.73
Goulash soup 26.4 3.21
Soup spice 62.9 5.46
*calculated on sodium glutamate; RSD = relative standard
deviation; n = number of parallel determinations.
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Fig. 3. Isotachopherograms from the separations of anionic constituents present in
glutamate (G) containing food products.

Codes for the samples: (1) Meat stock Masox, (2) Vegetable soup Knorr, (3) French ,
soup Maggi, (4) Bovine stock Knorr, (5) Spice Kotanyi, (6) Goulash soup Carpathia, 47q
(7) Soup spice Knorr. The separations were carried out in the electrolyte solution ES1
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Table 2 Determination of glutamic acid in food products G
Food product Determined* RSD n
(9/ka) (%) d
Meat stock 78.6 5.05
Vegetable soup 57.7 3.53 G
/
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time (s)

ITP SEPARATION OF P-HYDROXYBENZOIC ACID ESTERS (PARABENS) IN COSMETICS

Parabens are current preservatives in food and, especially, cosmetic
products. Using the electrolyte system ES2 (Table 1) p-hydroxybenzoic acid

_ Table 3 Reproducibilities of the zone lengths and RSH values
and its methyl-, ethyl-, propyl- and butyl esters could be separated by ITP on

for p-hydroxybenzoic acid esters

the CC chipinonerun (Fig. 4a). Here, the separation effect was, mainly, due to Analyte Zone length RSH n

differences in pK values of these constituents. Average RSD Average RSD
Repeatabilities of the ITP determination of parabens, assessed for (s) (%) (%)

model samples containing these analytes in the loaded sample at 200 mol/I MHB 6.85 1.46 0.435 0.77 5

concentrations, were characterized by 1.4-1.6 % RSD values. EHB 6.75 1.60 0.485 0'72 5
t;An iIsotachopherogram inIFig. 4b iIIustratclas thr? IT:D sepa;\ration of PHB 6.65 1'37 0'532 0'58 5

parabens present in a practical cosmetic sample. This electropherogram BHB 5.60 1.63 0.576 0'91 5

indicates minimum disturbances due to matrix constituents in this particular
sample (the preservatives were the major anionic constituents). Estimated
concentrations of p-hydroxybenzoic acid ethyl ester and p-hydroxybenzoic
acid butyl ester were 1.1 mmol/l (188 mg/kg) and 1.3 mmol/l (260 mg/kg),
respectively.

MHB = methyl-, EHB = ethyl-, PHB = propyl- and BHB = butyl
esters of p-hydroxybenzoic acid; RSH = relative step height,
RSD = relative standard deviation, n = number of repeated runs.
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Fig. 4. An isotachopherograms from the separations of p-hydroxybenzoic acid esters present (a) in a model sample and (b) a Oriflame-Natural skin
lotion.

(a) The sample loaded onto the chip contained the analytes at 200 nmol/l concentrations. (b) The lotion sample was 5 times diluted before it was loaded
onto the CC chip. C = carbonate, HB = p-hydroxybenzoic acid, MHB = methyl-, EHB = ethyl-, PHB = propyl- and BHB = butyl esters of p-hydroxybenzoic
acid. The separation was carried out in the electrolyte system ES2 (Table 2) with a 7 mA driving current.

Lemon juice concentrate
Rum cola drink
Lemon taste intensifier

Ketchup

Hot taste enhancer
Apricot marmelade
Mayonnaise
Margarine

0.42
0.74
0.99
0.85
1.35

89.7
69.0

93.9
667.2
168.9

Fig. 5. Electropherograms from the separation of benzoate present in a
ketchup sample on the CC chip.

a=atrace fromthe ITP stage (B* = a migration position of benzoate in the
ITP stack; a dashline indicates a start of the ITP stack transferred into the
CZE stage). b = a trace from the CZE stage (B = a migration position of
benzoate ). ¢ = the same as in (b) only the injected sample was spiked
with benzoate at a 10 nmol/l concentration. The sample preparation

*The average values were calculated from the data obtained for three

parallel determinations.

included a dilution of the ketchup sample with demineralized water
(1:500) and a removal of particulate material by filtration. The separations
were carried out in the electrolyte solution ES3 (Table 1). The driving
currentsinthe ITP and CZE stages were 8 and 7 mA, respectively.

ITP-CZE DETERMINATION OF SORBIC ACID IN FOOD MATRICES

ITP determination of sorbic acid was possible on the CC chip when its a
concentration (limit of quantitation) in the injected sample was ca. 0.1 mmol/l
(a 1 ml sample channel) using the ITP electrolyte systems, ES 4 (Table 1). High
concentrations of anionic matrix constituents in food products taken into our study
required considerable sample dilution so that the concentration of sorbate in the

injected sample was, typically, below its limit of quantitation.

Therefore, also in this instance the use of the ITP-CZE combination on the

TE
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CC chip was preferred. ITP-CZE runs with model samples revealed that this ' ' '

combination gave more favourable limits of quantitation for sorbate (2-3 nmol/l)
than ITP so that its determination was possible also in highly diluted samples.
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Practical food samples, claimed to contain sorbate, represented matrices of

different natures (proteinous material, fat, organic acids, carbohydrates and
salts). In all instances we detected peak in the migration position of sorbate.
lllustrative electropherograms in Fig. 6 were obtained from the ITP-CZE run with

a highly proteinous mayonnaise matrix.

Fig. 6. Electropherograms from the ITP-CZE separation of sorbate present in

alight mayonnaise sample onthe CC chip.

a=atrace fromthe ITP stage (S* = a migration position of sorbate in the ITP stack;
a dashline indicates a start of the ITP stack transferred into the CZE stage).
b = atrace from the CZE stage (S = a migration position of sorbate ). ¢c = the same
as in (b) only the injected sample was spiked with sorbate at a 30 nmol/I
concentration. The sample preparation included a dilution of the sample with
a 100 mmol/l agueous solution of NaOH (1:250), short sonication and a filtration.
The separations were carried out in the electrolyte solution ES4 (Table 1) with

a8 mA driving currentin both stages.

CONCLUSIONS
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Following the ITP procedures, as elaborated in the past for conventional ITP separation systems, we could reproducibly determine glutamate in all food
products taken into our study only with a minimum sample handling (dilution, filtration). ITP offers also a rapid procedure to the determination of parabens in
cosmetics.

However, ITP experiments aimed at detecting benzoate and sorbate in various food products clearly revealed that sample preparation steps providing
appropriate analyte/matrix concentration ratios are essential when these preservatives present in food matrices are to be determined by ITP on the chip.
The use of the ITP-CZE combination offered a better alternative in this respect as it integrates an efficient ITP sample preparation (concentration of the
preservatives and a removal of the main part of the matrix) before a final CZE separation and very sensitive detection of the preservatives. Our experiments
with various matrices clearly indicate that this combination can be considered as a rapid alternative to the determination of food preservatives on the CC chip.
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