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An oxalate biosensor developed by covalent immobilisation of oxalate oxidase enzyme
on the top of ruthenium, nickel and iron hexacyanometallate (Ru-FeNiHCM) modified
graphite electrode is described. It was noticed that the addition of ruthenium to FeNiHCM
layer results in better catalytic efficiency for reduction of hydrogen peroxide at pH=2. To
obtain the optimal response of biosensor the influence of several experimental parameters
in batch mode, such as working potential, pH and linear concentration range, was exam-
ined. Enzymatically produced H,O, was measured at =50 mV vs. Hg|Hg,Cl,|3 M KCI
electrode in succinic buffer (pH=3.6). The linear concentration range was up to 100 pM
with squared correlation coefficient R?=0.9985. Sensitivity of biosensor in this range was
43.2 nA/(uM cm?). Oxalate was determined in real samples of spinach after extraction in
water, EDTA and HCl and in samples of different brands of beer. During 11 weeks biosen-
sor sensitivity decreased only 15 % of the initial sensitivity, which means that the biosen-
sor lifetime is much longer than three months.
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Introduction

Determination of oxalate in different food matrices
is of great interest because a high oxalate concentration
level in foodstuff may cause formation of insoluble kid-
ney stones as a result of unbalanced nutrition habits.
Current analytical methods for determination of oxalate
in food industry are time consuming, often require
highly trained staff and need relatively expensive instru-
mentation such as fluorescence spectrometer (1), flow
injection apparatus with spectrophotometric detection
(2), ion chromatograph (3,4), HPLC (5), and system for
capillary electrophoresis (6,7).

Enzymatic methods are also very suitable for oxa-
late determination and are used either as two enzymes

reactor (8) or as enzymatic biosensors (9-12). The latter
approach is increasingly investigated in the last decade
in order to develop accurate enough, stable and reliable
biosensor for oxalate determination, possibly without
any chemical pre-treatment of samples, especially in the
field of clinical chemistry (e.g. urine samples), food anal-
ysis, etc.

Many electrochemical biosensors are designed to
detect the concentration of an analyte (e.g. oxalate ion)
through the electrode reaction of H,O, produced by the
enzymatic reaction at the electrode. The main problems
to be solved in this type of biosensors are: to lower
working potential in order to diminish the possible oxi-
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dation of interferences, to enable easier electron transfer
at the electrode and to enable higher sensitivity. The two
latter goals are usually achieved through modification of
electrode surface with layers having good catalytic
properties for H,O, as well as some exchange proper-
ties. Efficient modifiers of the electrode surface are dif-
ferent hexacyanometallates such as those of iron(Il) and
nickel(Il) (FeNiHCM), which have been successfully
used in biosensors for determination of ethanol in urine
(13), glucose in blood (14,15), catalytic oxidation of thio-
sulphate (16), efc.

Incidentally, in most of the papers on biosensors
this hexacyanometallate is incorrectly called nickel(II)
hexacyanoferrate(II), which will imply the nickel ion as
cation and hexacyanoferrate as anion. The crystal struc-
ture of this type of hexacyanometallate is known and it
was found that in a cubic crystal lattice exists negatively
charged ion of the form [Fe**/2*M#*(CN)]©*3/2-, where
the electron pair of carbon in CN~ group is bound pref-
erably to iron(III/II) ion, while the electron pair of nitro-
gen is bound preferably to the other transition metal ion
(17-20). Such structure of hexacyanometallates enables
the movement of counter cations present in solution (e.g.
K*, Na*, etc.) through the channel structure of the poly-
meric hexacyanometallate skeleton in order to neutralise
the residual charge, showing an ion exchange property,
which can also be used for biosensing (21).

In our previous paper the ion-exchange property of
FeNiHCM layer, electrocrystalised on nickel electrode
by cyclic voltammetry, was used for determination of
urea (21). Cataldi et al. (22-26) have recently shown that
ruthenium significantly stabilises the hexacyanometalla-
te film grown on a conductive surface (e.g. carbon, nic-
kel, etc. electrode), giving improved chemical stability
(lower solubility), better electrochemical reversibility and
longer life time than the same on hexacyanometallate
electrode wihout ruthenium. Ruthenium was also used
for preparation of screen-printed ruthenium dioxide
electrodes for pH measurements (27), mixed-valence ru-
thenium oxide-ruthenium cyanide film electrode for oxi-
dation of aliphatic alcohols (28) and ruthenised screen-
printed biosensors for measurement of anticholinestera-
se activity (29) and pesticides monitoring (30).

In this paper the properties of Ru-FeNiHCM and
FeNiHCM modified graphite electrode were investi-
gated and compared to catalytic reduction of hydrogen
peroxide with the aim to design sensitive and stable am-
perometric oxalate biosensor based on oxalate oxidase
immobilised on the top of such hexacyanometallate elec-
trode. Some parameters like pH, working potential, lin-
ear concentration range, sensitivity and the influence of
chemical constituents present in the buffer solutions
were also studied to optimise the biosensor perfor-
mance.

Materials and Methods

Chemicals and solutions

All chemicals used were of analytical reagent grade.
Oxalate oxidase was from barley seedlings as lyophili-
sed powder (0.71 U/mg), bovine serum albumin (BSA)
and glutaraldehyde (GLA, mass fraction 25 %) were

from Sigma (USA). Potassium hexacyanoferrate(IlI) tri-
hydrate, succinic acid, oxalic acid dihydrate, hydrogen
peroxide, hydrochloric acid, potassium chloride, disod-
ium salt dihydrate of ethylenediaminetetraacetic acid
(EDTA), nickel(II) chloride and sodium hydroxide were
from Kemika (Zagreb, Croatia).

The supporting electrolyte for oxalate measurements
contained succinic buffer pH=3.6 or 3.8 and 0.1 M KCL

The plating solution used for preparation of hexa-
cyanometallate of iron(Il) and nickel(II) film (FeNiHCM)
contained 0.6 M KCl, 2.5 mM K;Fe(CN), and 2.5 mM
NiCl,. The pH of this solution was 2, adjusted with 1 M
HCL

Deionised water used throughout all the experi-
ments was purified using a Millipore-MilliQ system.

Apparatus

All electrochemical experiments were performed us-
ing a Polarographic Analyser (EG&G PAR, USA) Model
264A interfaced to a personal computer for data acquisi-
tion and data handling. Three-electrode electrochemical
cell was used having the electrochemical biosensor as a
working electrode, Hg | Hg,Cl, |3 M KCl as a reference
electrode and a graphite rod as an auxiliary electrode.
All potentials referenced in this work were measured
against calomel (3 M KClI) reference electrode at 25 °C in
10 mL electrochemical cell, unless otherwise stated. Sam-
ples were stirred using an electromagnetic bar stirrer.

Electrode preparation

Graphite rod (spectroscopic purity, 4 mm in diame-
ter and 5 mm long) was inserted into a glass body and
sealed with epoxy resin. Formed graphite disc was thor-
oughly rinsed in acetone, deionised water and finally air
dried. A layer of hexacyanometallate of iron(II) and
nickel(IT) (FeNiHCM) was formed on the surface of the
disk by cycling the potential (starting in anodic direc-
tion) between —0.1 and 0.9 V at a scan rate of 100 mV/s
for 20 minutes in nickel plating solution containing 0.6
M KCl, 2.5 mM KjFe(CN), 2.5 mM NiCl, and HCI (to
adjust the pH of the solution to 2). Subsequently, an-
other 20 min of potential cycling between -0.1 and 0.9 V
at 50 mV/s was done in the same plating electrolyte, but
with addition of 1 mM RuCl;. The resulting layer of
hexacyanometallate of iron(Il) and nickel(II) modified
with ruthenium (Ru-FeNiHCM) was finally washed, air
dried and an oxalate oxidase enzyme layer was immobi-
lised on it.

Immobilisation of oxalate oxidase was performed by
well-known glutaraldehyde bovine serum albumin cross-
-linking procedure. In a small volume vessel, approxi-
mately 1 mg of BSA (w=10 %) was weighted and dis-
solved in 10 pL of 0.05 M succinic buffer (pH=3.8). The
mass of 0.2 mg (0.142 U) of oxalate oxidase was added
to this solution. After 30 min this albumin solution was
well mixed with equal volume of glutaraldehyde solu-
tion (w=2.5 %) and 5 pL of this mixture was deposited
on the top of electrode and left to dry for 20 minutes at
room temperature in order to allow the formation of a
gel. The prepared enzyme electrode was conditioned in
succinic buffer solution (pH=3.8) at 6 °C overnight.
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Food samples preparation

Three portions of spinach leaves (approximately 80
g) were minced (blended) in a food blender. All three
portions were extracted under reflux for 30 min. The
first portion was extracted in distilled water, the second
in 0.1 M HCI solution and the third portion in 54 mM
EDTA solution. The volume of extraction solutions was
200 mL for each portion. After extraction each of the
three portions of sample solution was decanted, centri-
fuged and filtered through cellulose nitrate filter (Sarto-
rius, Germany) with pore size 0.45 um. For oxalate de-
termination aliquots of 20 pL were taken for ampero-
metric measurements.

Samples of beer were used without any pre-treat-
ment. Aliquots of 200 pL of Stella Artois and OZujsko
(Zagrebacka pivovara, Zagreb, Croatia), Karlovacko (Kar-
lovacka pivovara, Karlovac, Croatia), Zlatorog (Pivovar-
na Lasko, Lasko, Slovenia) and 250 pL of Tuborg (Pa-
nonska pivovara, Koprivnica, Croatia), Heineken (Am-
sterdam, Holland) and Gésser (Brauerei Géss, Leoben,
Austria) were taken for analysis.

Results

To study the properties of modified graphite elec-
trode several electrodes have been prepared by electro-
chemical deposition of two types of layers on the sur-
face of electrode:

a) layer of hexacyanometallate of iron(II) and nickel(II)
(FeNiHCM) and

b) the same layer modified with ruthenium (Ru-FeNiHCM).

In Fig. 1 first six cyclic voltammograms recorded in
nickel plating solution by scanning the potential (start-
ing in anodic direction) between —0.1 and 0.8 V at scan
rate 100 mV/s are shown. The current increase in con-
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Fig. 1. Cyclic voltammograms of FeNiHCM film formation on
graphite electrode; supporting electrolyte: 0.6 M KCI at pH=2
(adjusted with HCI), 2.5 mM KjzFe(CN)g and 2.5 mM NiCly;
scan rate 100 mV/s

secutive voltammograms indicates the FeNiHCM layer
formation.

After formation of FeNiHCM layer, ruthenium solu-
tion was added to the nickel plating solution, and for
another 20 min the potential was cycled between 0.1
and 0.8 V at scan rate of 50 mV /s to allow the formation
of ruthenium modified FeNiHCM layer. From cyclic
voltammograms of finally prepared electrodes, FeNiHCM
and Ru-FeNiHCM modified carbon electrode, it can be
noticed that cathodic and anodic peak potentials, corre-
sponding to the redox couple [Fe(Il/IIN)Ni(I[)(CN)sP1-
are at approximately E; =555 mV and E,=635 mV for
FeNiHCM electrode, and at E;=570 mV and E,=628 mV
for Ru-FeNiHCM electrode. The decrease of peak-to-
-peak separation from 80 mV to 58 mV, together with
the decrease of half current peak width, indicates that
the voltammetric response of Ru-FeNiHCM electrode
shows more reversible electrochemical behaviour and
faster electron transfer through the surface layer of the
modified electrode. Therefore, compared with FeNiHCM
electrode without the inclusion of ruthenium in the sur-
face crystal structure, a more stable and better pro-
nounced catalytic properties of Ru-FeNiHCM electrode
would be expected.

Catalytic properties of Ru-FeNiHCM graphite elec-
trode compared to bare unmodified graphite electrode
are shown in Fig. 2. Cyclic voltammograms were re-
corded in 0.6 M KCI at pH=2 and scan rate of 50 mV/s
with addition of hydrogen peroxide (cy,o,=12 mM).
From Fig. 2 it is obvious that on graphite electrode, in
the potential range between —200 and 800 mV, reduction
or oxidation of hydrogen peroxide does not occur. This
is in agreement with the results published by Wang et al.
(31) where it was shown that at carbon electrode the ox-
idation of H,O, starts at +800, while the reduction starts
at =300 mV, which is 250 mV more negative than the
working potential used in this work. On Ru-FeNiHCM
graphite electrode, due to the catalytic effect of hexa-
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Fig. 2. Cyclic voltammogram of graphite electrode and Ru-
-FeNiHCM modified graphite electrode in supporting electro-
lyte: 0.6 M KCl at pH=2, after addition of hydrogen peroxide (c
=12 mM); scan rate 50 mV/s
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Fig. 3. Catalytic effect of FeNiHCM layer deposited on graphite
electrode on reduction of hydrogen peroxide; c(H;O,): (1) 0
mM; (2) 2 mM; (3) 7 mM; (4) 12 mM; supporting electrolyte: 0.6
M KCI at pH=2; scan rate 50 mV/s

cyanometallate layer, an increase of current in the poten-
tial range between 200 and —200 mV is visible.

In Fig. 2 this effect seems smaller than it really is,
due to unfavourable current scale which, at the same
time, shows the undergoing redox reaction in the poten-
tial range between 400 and 800 mV.

Therefore, in Figs. 3 and 4 a full scale cyclic voltam-
mograms on a FeNiHCM and Ru-FeNiHCM modified
graphite electrodes are shown, respectively, for reduc-
tion of hydrogen peroxide with the same experimental
conditions as in Fig. 2, together with a magnified cata-
lytic response for the reduction of hydrogen peroxide
obtained in the favourable range of working potentials
between -200 and 200 mV. For both electrodes the in-
crease of current is proportional to the concentrations of
hydrogen peroxide (c=0, 2, 7, and 12 mM), although
better linearity and greater sensitivity is obtained using
Ru-FeNiHCM modified graphite electrode (Fig. 4). To
assure that higher currents obtained for the reduction of
hydrogen peroxide in the potential range between -200
and 200 mV at Ru-FeNiHCM modified graphite elec-
trode are not the consequence of larger active surface
area of the electrode, the cathodic and anodic peak areas
of cyclic voltammograms obtained for both electrodes in
the region between 400 and 800 mV are calculated by in-
tegration. The calculated cathodic peak areas were 2.36
and 1.93 mC, while anodic peak areas were 2.41 and
2.04 mC for FeNiHCM and Ru-FeNiHCM modified elec-
trodes, respectively. This means that even at lower active
surface area of the Ru-FeNiHCM modified electrode hi-
gher current response than at FeNiHCM modified elec-
trode is obtained, obviously showing more pronounced
catalytic effect of the ruthenium modified electrode.
Cathodic and anodic peak areas of FeNiHCM electrode
are approximately 20 % higher than those of Ru-FeNiHCM
electrode, but the corresponding catalytic current is two
times lower compared to the catalytic current with ru-
thenium modified electrode for the same concentration
of hydrogen peroxide. This unambiguously proves that
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Fig. 4. Catalytic effect of Ru-FeNiHCM layer deposited on
graphite electrode on reduction of hydrogen peroxide; c(H;O,):
(1) 0 mM; (2) 2 mM; (3) 7 mM; (4) 12 mM; supporting electro-
lyte: 0.6 M KCI at pH=2; scan rate 50 mV/s

the addition of ruthenium enhances the catalytic proper-
ties of the electrode and its sensitivity.

The response of Ru-FeNiHCM modified graphite el-
ectrode was tested in wide concentration range, between
10 and 10° M of hydrogen peroxide (Fig. 5). Linear
concentration range was obtained between 0.4 - 10° M
and 70 - 107 M of hydrogen peroxide with good correla-
tion coefficient, R? = 0.9983, and corresponding linear re-
gression equation:

log (I /uA) = (725 + 0.6) 107 log (¢/M) + (-2.62 + 0.01).

High sensitivity and relatively wide linear concen-
tration range obtained for hydrogen peroxide reduction
at Ru-FeNiHCM graphite electrode was the reason why
this electrode was used for further immobilisation of the
enzyme oxalate oxidase in order to prepare the oxalate
biosensor with enhanced sensitivity.

Oxalate oxidase enzyme in the presence of oxygen
decomposes the oxalate to carbon dioxide and hydrogen
peroxide. The current response of biosensor with immo-
bilised enzyme oxalate oxidase is proportional to the hy-
drogen peroxide concentration, and thus to the concen-
tration of oxalate according to the Eqgs. /1/ and /2/:

HOOC-COOH + Ox,(FAD) — 2CO,+ Ox, (FADH,)/1/
Ox,(FADH,) + O, > Ox,(FAD) + H,0,  /2/
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Fig. 5. Calibration diagram for determination of hydrogen per-
oxide with Ru-FeNiHCM modified electrode in supporting
electrolyte 0.6 M KCI at pH=2; working potential was -50 mV.
Linear concentration range was between 0.4 and 70 mM of hy-
drogen peroxide
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Fig. 6. Sensitivity of oxalate biosensor at different working po-
tentials; supporting electrolyte: succinic buffer pH=3.8, 0.1 M
KCl; each point represents the biosensor response after addi-
tion of 50 uM of oxalic acid

From the manufacturer literature data (32) it is known
that the best activity of oxalate oxidase is obtained in
pH region between 3.6 and 3.8 in succinate buffer. Suc-
cinate buffer, as well as EDTA, acts as the activator of
oxalate oxidase activity. The most common inhibitors of
oxalate oxidase activity are divalent metal ions (Ca?,
Cu?*, Ba?*, Mn?* and Fe?*), some buffers containing an-
ions such as phosphate, citrate, maleate or acetate, and
salt solutions, especially NaCl. Thus supporting electro-
lyte used in this work was succinic buffer with EDTA
and KCl. The addition of potassium chloride as constitu-
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Fig. 7. Sensitivity of oxalate biosensor at different pH; support-
ing electrolyte: succinic buffer (pH values between 1.9 and 4.6
were changed with addition of HCI or NaOH) and 0.1 M KCl;
each point belongs to biosensor response after addition of 70
uM of oxalic acid. Working potential was -50 mV

ent of supporting electrolyte was necessary to enable the
proper work of the Ru-FeNiHCM electrode, according
to Eq. /3/:

2 K, [Fe”Ni(CN),] + H,O, + 2 H -

2 K[Fe"Ni(CN),] + 2 HO + 2 K /3/

To determine the optimal working potential of bio-
sensor, current responses obtained at different potentials
(from —100 to 200 mV) were measured for 50 uM of ox-
alic acid in supporting electrolyte containing succinate
buffer pH=3.8 and 0.1 M KCl. The results are presented
in Fig. 6 showing that at —100, -=50 and 0 mV the highest
sensitivities of the biosensor were obtained. Potential of
-50 mV was chosen as working potential for all further
measurements, because at more negative potentials (-100
mV) the response of biosensor was more noisy, while at
more positive potentials oxidation of some interferences
present in the real samples might occur.

Influence of pH on oxalate biosensor response was
checked in this work and the results are presented in
Fig. 7. The sensor response was measured in the pH
range between 1.9 and 4.6 in supporting succinate buffer
electrolyte containing 0.1 M KCI and 70 pM of oxalic
acid. The results in Fig. 7 prove that the best sensitivity
of biosensor is obtained at pH=3.6, as it was expected
according to the specification of enzyme oxalate oxidase
activity (32). All further measurements were performed
at this pH.

Calibration curve obtained for solutions of oxalic
acid with Ru-FeNiHCM biosensor is shown in Fig. 8.
Measurements at =50 mV were made in supporting elec-
trolyte of pH=3.6 and 0.1 M KCL In the concentration
range up to 100 uM sensor shows good linearity with
squared correlation coefficient R?=0.9974. The average
sensitivity (N=9) in the measuring range is 43.2 nA/(uM
cm?). After 11 weeks this sensitivity decreased 15 % of
the initial sensitivity indicating that the electrode half
lifetime is much longer than three months.



208 S. MILARDOVIC et al.: Sensitive Amperometric Oxalate Biosensor, Food technol. biotechnol. 38 (3) 203-210 (2000)

0.8
1 =0.0054c +0.1748
0.7 + R?=0.9974
0.6 -
< 051
2044
= 0.3
0.2 4
0.1+
079 _ 0 : : : : |
0.69
0.59
<
::L 0.49
0.39
0.29
0.19 | | |
0 5 10 15
Time / min

Fig. 8. Calibration diagram for determination of oxalate with
Ru-FeNiHCM based oxalate oxidase biosensor; supporting elec-
trolyte was succinic buffer (pH=3.6) with 0.1 M KCI and 5.6
mM EDTA. Ten successive additions of 10 uM of oxalic acid
were added. Working potential was -50 mV. Linear concentra-
tion range was up to 0.1 mM of oxalate

In order to investigate the biosensor fabrication re-
producibility, six biosensors were prepared and the cur-
rent response reproducibility for the same oxalate con-
centration varied within few percents.

Wide oxalate concentration measuring range and
high sensitivity of biosensor enable the oxalate determi-
nation in different matrices.

The influence of some possible interferents on oxa-
late was investigated. It was found that ascorbic acid (2
mM) lowers significantly the chronoamperometric signal
obtained for aliquots of oxalic acid, while HCl (> 0.01
M) increases the background current. Moreover, the pre-
sence of any interference changes the shape of oxalate
signal, therefore an aliquot of standard oxalate solution
is added as a control signal, before sample addition.
Constancy or change of the signal is used as an addi-
tional criterion to check the possible presence of any in-
terference, because using this procedure immediate pre-
sence of the interference is visible from the current res-
ponse.

In real samples ascorbic acid is present in spinach.
However, oxalate from spinach is extracted 30 min at
100 °C with water or 0.1 M HCI or 5.4 mM EDTA, and
under these extraction conditions all ascorbic acid de-
composes.

In the continuation of this investigation, the propo-
sed biosensor was applied for oxalate determination in

real food sample of spinach and different beer. Oxalate
was determined in spinach leaves, after extraction in ei-
ther water or EDTA or HCI solution, using standard ad-
dition method at working potential of -50 mV and pH=3.6.
An example of the chronoamperogram for oxalate deter-
mination in spinach leaves extracted with HCl is pre-
sented in Fig. 9. First step on the chronoamperogram is
the biosensor response after addition of 20 pM of stan-
dard oxalic acid solution, and second and third steps are
the responses of 20 uL addition of spinach sample. Next
steps (4-6) are the responses of 20 uM of standard oxalic
acid solution, respectively. Each sample was analysed in
the same manner 3 times. Linear regression lines for all
three extractions are presented in Table 1. The concen-
trations of oxalate in spinach samples after extraction is
given in measuring cell, in extracting solution and as the
mass fraction in samples, in Table 2. The highest concen-
tration of oxalate was obtained for the sample extracted
in HCl, while the concentration in samples extracted
with water and EDTA is lower, because only oxalate in
soluble form was determined in this two extracts. The
difference between the values obtained for the oxalate
after extraction in water (free oxalate) and extraction in
HCI (total oxalate) gives values for bounded oxalate.

Oxalate in different brands of beer was determined
directly in beer samples without any sample pre-treat-

Table 1. Regression lines for the calibration diagrams obtained
with oxalate biosensor for determination of oxalate with inter-
nal standard addition method in samples of spinach leaves af-
ter extraction in water (I1), EDTA (Iz), and HCI (I3) and in dif-
ferent samples of beer

Sample Regression equations R?

Spinach  Li/uA=(765+ 1.4)10° + (2.7 + 0.4) 10°c/uM  0.9996
L/uA=(73.8+ 3.8) 107 + (2.5 + 1.0) 107 ¢/uM 0.9966
I/uA =820+ 0.1) 107 + (2.5 % 0.1) 107 ¢/uM 0.9999

Stella I/uA =156+ 2.6) 10° + (59 + 0.09) 10™ ¢/uM 0.9995

Karlovacko I/uA = (19.1 + 3.9) 10° + (6.4 + 0.1) 107 ¢/uM  0.9990
Ozujsko  I/uA= (172 + 2.0) 107 + (62 % 0.07) 107 ¢/uM 0.9997
Zlatorog  I/uA=(123+ 42) 107 + (65+ 0.2) 10° ¢/uM  0.9989
Heineken I/uA=(1.7+5.1)10° + (6.6 + 0.3) 10° ¢/uM  0.9983
Gisser  I/uA=(1.0+02)10° + (6.6 + 3.8) 10° ¢/uM  0.9971
Tuborg - -

Table 2. Mass fraction (w) of oxalate determined with modified
biosensor in samples of spinach leaves after extraction in water,
EDTA, and HCI and different brands of beer

S | E . C(Ox)cell C(ox)sample w
tract
ample xtraction M M o kg’l
Spinach water 28.33 14.19 3.27
EDTA 29.52 14.78 3.38
HCl 32.84 16.45 3.71
Beer y/mg-L™"
Stella - 2.67 0.136 12.3
Karlovacko - 2.97 0.152 13.7
Ozujsko - 2.90 0.148 13.3
Zlatorog - 1.87 0.096 8.6
Heineken - 0.27 0.011 1.0
Gésser - 0.15 0.006 0.6
Tuborg - - - <05
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ment and the results are given in Table 2. An example of
chronoamperogram of oxalate determination in beer
Stella Artois, with oxalate biosensor described in this
paper, is given in Fig 10. In this figure step 1 indicates
the biosensor response to the addition of 20 pM of oxalic
acid prior to any measurement. Subsequently, an aliquot
(V=200 pL) of beer (step 2) and three standard additions
of oxalic acid solution (c=15 pM) were added (steps
3-5). For each sample three biosensor responses, like the
example given in Fig. 10, were recorded. The linear re-
gression lines for six different brands of beer were calcu-
lated and presented in Table 1. The oxalate mass concen-
trations found in these beers were between 0.6 and 13.7
mg/L (Table 2). Four beers have oxalate concentrations

0.6 +

0 f f f f
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Fig. 9. Determination of oxalate with biosensor in 20 puL aliquots
of spinach leaves extracted in HCI, steps 2 and 3, with standard
additions of oxalic acid aliquots (c=20 uM), steps 4-6; step 1 in-
dicates the addition of 20 pM of oxalic acid prior to any mea-
surement; working potential was -50 mV. Supporting electro-
lyte: 0.1 M KCl, succinic buffer pH=3.6 and 5.6 mM EDTA

0.7 +

0.2 | | |
0 5 10 15
Time / min

Fig. 10. Determination of oxalate in beer Stella Artois with bio-
sensor; in one aliquot of beer (V=0.2 mL), step 2, three aliquots
of oxalic acid were added (c=15 uM), steps 3-5. Step 1 indicates
the addition of 20 pM of oxalic acid prior to any measurement.
Working potential was -50 mV. Supporting electrolyte: 0.1 M
KCl, succinic buffer pH=3.6 and 5.6 mM EDTA

between 8.6 and 13.7 mg/L, two brands of beer (Heine-
ken and Gésser) have very low oxalate concentration
(0.6 and 1.0 mg/L), while the concentration of oxalate in
Tuborg is below the detection limit of the biosensor.

Conclusion

The results presented in this paper indicate that the
catalytic current obtained for hydrogen peroxide reduc-
tion at ruthenium modified FeNiHCM electrode is higher
than at FeNiHCM electrode (75 and 42 pA, respectively,
for 7 mM of H,0,) and Ru-FeNiHCM electrode shows
better electrochemical reversibility.

Therefore, the Ru-FeNiHCM film electrocrystallised
on the top of the electrode and modified with oxalate
oxidase enzyme can be used as a sensitive biosensor for
oxalate determination, based on enhanced catalytic re-
duction of hydrogen peroxide at -50 mV vs. reference
electrode in succinic buffer solution at pH= 3.6. The
broad linear concentration range from 0.12 to 100 pM
makes the proposed biosensor useful for possible techni-
cal and medical application. The average sensitivity of
the biosensor in the mentioned linear concentration
range is 43.2 nA/(uM cm?).

The biosensor was tested for determination of oxa-
late in the samples of spinach after extraction either in
water or EDTA or HCI, as well as in different brands of
beer. In four out of seven brands of beer significant oxa-
late concentration was found (8.6 to 13.7 mg/L), while
three brands of beer had very low oxalate concentrati-
ons (from 0.5 to 1.0 mg/L). All concentrations were de-
termined with the standard addition method.

At the end, it has to be stressed out that the sensi-

tivity of biosensor decreased only 15 % of the initial
value through the testing period of eleven weeks.

References

1. J. A. Munoz, A. M. G. Campana, F. A. Barrero, Talanta, 47
(1998) 387.

2. T. Perez Ruiz, C. M. Lozano, V. Tomas, A. Sanz, Anal. Lett.
31 (1998) 1413.

3. B. Hoppe, M. J. Kemper, M. G. Hvizd, D. E. Sailer, C. B.
Langman, Kidney Int. 53 (1998) 1348.

4. S. Peldszus, P. M. Huck, S. A. Andrews, J. Chromatogr. 793
(1998) 198.

5. R. Honow, D. Bongartz, A. Hesse, Clin. Chim. Acta, 261
(1997) 131.

6. A. H. Harakuwe, P. R. Haddad, P. E. Jackson, J. Chroma-
togr. 739 (1996) 399.

7. P. E. Jackson, J. Chromatogr. 693 (1995) 155.

8. J. R. Fernandes, G. D. Neto, M. Tubino, L. T. Kubota, Anal.
Sci. 12 (1996) 443.

9. K. V. Inamdar, U. Tarachand, K. G. Raghavan, Anal. Lett.
22 (1989) 841.

10. E. Dinckaja, A. Telefoncu, Indian J. Biochem. Biophys. 30 (1993)
282.

11. S. M. Reddy, S. P. Higson, P. M. Wadgama, Anal. Chim. Acta,
343 (1997) 59.

12. M. A. Saka Amini, J. J. Vallon, C. Bichon, Anal. Lett. 22
(1989) 43.

13. B. E You. Hin, C. R. Lowe, Anal. Chem. 59 (1987) 2111.



210 S. MILARDOVIC et al.: Sensitive Amperometric Oxalate Biosensor, Food technol. biotechnol. 38 (3) 203-210 (2000)

14. S. Milardovi¢, L. Kruhak, D. Ivekovi¢, V. Rumenjak, M. 25. T. R. L. Cataldi, G. E. De Benedetto, A. Bianchini, ]. Electro-

Tkal(:ec, B. S. Grabaric’, Anal. Chim. ACtLl, 350 (1997) 91. anal. Chem. 448 (1998) 111.
15. S. Milardovié, M. Miksaj, 1. Kruhak, Z. Filipovié-Kovace- .

vi¢, B. S. Grabari¢, Food Technol. Biotechnol. 34 (1996) 153. 20 4T‘58R‘119'9§a§11§" G. E. De Benedetto, J. Electroanal. Chem.
16. S. Ming-Chen, ]. Electroanal. Chem. 417 (1996) 145. ( ) ’
17. ]. E. Keggin, E. D. Miles, Nature, 137 (1936) 577. 27. R. Koncki, M. Mascini, Anal. Chim. Acta, 351 (1997) 143.
18. R. Rigamonti, Gazzetta, 68 (1938) 803. 28. T. R. I. Cataldi, D. Centonze, A. Guerrieri, Anal. Chem. 67
19. 1. Khaiduk, Uspekhi Khim. 30 (1961) 1124 (Russ. Chem. Rev. (1995) 101.

498 (1961)). 29. A. Cagnini, L. Palchetti, M. Mascini, A. P. E. Turner, Mikro-
20. G. B. Seifer, Russ. ]. Inorg. Chem. 7 (1962) 621. chim. Acta, 121 (1995) 155.
21.S. Milardovic, I Kruhak, B. S Grabari¢, LRA, 11 (1999)_26,6' 30. A. Cagnini, L. Palchetti, I. Lionti, M. Mascini, A. P. F. Tur-
22. T. R. L. Cataldi, A. M. Salvi, D. Centonze, L. Sabbatini, J. ner, Sensor. Actuat. B-Chem. 24 (1995) 85.

Electroanal. Chem. 406 (1996) 91. )
23. T. R. L Cataldi, G. E. De Benedetto, C. Campa, J. Electro- 31. J. Wang, L. Fang, D. Lopez, H. Tobias, Anal. Lett. 26 (1993)

anal. Chem. 437 (1997) 93. 1819.
24. G. E. De Benedetto, T. R. I. Cataldi, Langmuir, 14 (1998) 32. Biochemical Information, Boehringer Mannheim Biochemi-
6274. cals, Indianopolis (1987) p. 55.

Osjetljivi amperometrijski biosenzor
za odredivanje oksalata u hrani

Sazetak

Pripravljen je i opisan biosenzor za odredivanje oksalata s kovalentno imobiliziranim
enzimom oksalat oksidazom na grafitnoj elektrodi modificiranoj slojem heksacianometala-
ta rutenija, Zeljeza i nikla (Ru-FeNiHCM). Dodatak rutenija sloju FeNiHCM katalizira re-
dukciju H,O, pri pH=2 te povecava stabilnost i osjetljivost biosenzora. Da bi se dobio
optimalan odziv biosenzora, ispitan je utjecaj nekoliko eksperimentalnih pokazatelja, kao
Sto su radni potencijal, pH i linearno podrucje koncentracije. Vodikov peroksid, nastao
enzimskom razgradnjom oksalata, mjeren je pri -50 mV prema Hg | Hg,Cl, | 3M KCI u jan-
tarnom puferu pri pH=3,6. Linearno podrudje koncentracije izmjereno je do 100 uM H,O,
uz kvadrat koeficijenta korelacije R*=0,9985. Osjetljivost biosenzora u tom koncentracij-
skom podrugju iznosila je 43,2 nA/uM cm?). Oksalat je odreden u realnim uzorcima $pi-
nata nakon ekstrakcije u vodi, EDTA i HCl, te u razli¢itim vrstama piva. Tijekom 11 tje-
dana smanjena je osjetljivost biosenzora za svega 15 % od pocetne osjetljivosti, $to znaci da
se biosenzor moze rabiti nekoliko mjeseci.



