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Abstract

An amperometric glucose biosensor with glucose oxidase (GOx) immobilized into palladium hexacyanoferrate (PdHCF) hydrogel has been
prepared and evaluated. The sensor was based on a two-layer configuration with biocatalytic and electrocatalytic layers separately deposited
onto the electrode. To reduce the overpotential for reduction of hydrogen peroxide liberated in the enzyme catalyzed oxidation of glucose, an
inner thin layer of nickel hexacyanoferrate (NiIHCF) electrodeposited onto the surface of graphite electrode was used as an electrocatalyst.
As an outer layer, the hydrogel of palladium hexacyanoferrate with entrapped glucose oxidase was used. Under optimal operating conditions
(pH 5.0 andE = —0.075V versus calomel (3.0 M KCI) reference electrode), sensor showed high sensitivity to glucose (@8+IM)
and a response time of less than 30s. The linear response to glucose was obtained in the concentration range between 0.05 and 1.0 mM ir
batch analysis mode and 0-7.0 mM in FIA. During the 32 days testing period, no significant decrease in the sensor sensitivity was observed.
The sensor was applied for the determination of glucose concentration in fruit juice and yoghurt drink, and the results obtained showed good
correlation with results obtained by reference spectrophotometric enzyme method.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tio, hydrogels with desired water content and mechanical
properties can be obtained.

In recent years, the use of hydrogels in the fabrication of Some examples of organic hydrogels employed in biosen-
biosensors received much attention. As matrices for enzymesors fabrication are polycarbamyl sulphonate hydrogel used
immobilization, hydrogels posses some very attractive fea- for immobilization of L-glutamate oxidasekfvong et al.,
tures: high water content providing biocompatible environ- 2000 and different alcohol oxidaseB#tel et al., 2004 car-
ment for immobilized enzyme and high mobility of analyte rageenan hydrogel for entrapment of cholesterol esterase and
and reaction product(s), non-toxicity, and high chemical cholesterol oxidaseQrubliss et al., 1993 polyacrylamide
and hydrolytic stability. A range of organic hydrogels has hydrogel for immobilization of glucose oxidase (GOXx)
been used to immobilize enzymes onto electrode surfacesand urease Jjmenez et al., 1997 poly(2-hydroxyethyl
Enzyme immobilization into the hydrogel matrix is usu- methacrylate)—polypyrrole hydrogel composite used for en-
ally performed by mixing aqueous solutions of enzyme, trapment of GOx, cholesterol oxidase and galactose oxidase
water-soluble prepolymer, and suitable cross-linking agent (Brahim et al., 200R and poly(ethylene glycol) hydrogel
or in the case of photopolymerization, a photoinitiator. By used for encapsulation of organophosphorus hydrolase en-
proper choice of water/prepolymer/cross-linking agent ra- zyme Russell et al., 1999 Organic hydrogels containing

electron transfer mediators (so-called redox hydrogels) are
mspon ding author. Tek: 385-1-4605-292; also. frequently used. A redox hydrogel formed by copoly-
fax: +385-1-4836-083. merization of acrylamide and vinylferrocen8U et al.,

E-mail address: divekov@public.carnet.hr (D. Ivekds). 1995 or that based on cross-linked poly(allylamine) with
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covalently attached ferrocenkdide and Yokoyama, 1999 concentration can be determined electrochemically by mea-
were used for immobilization of GOx. Several researchers suring the current resulting in oxidation or reduction of
have also reported biosensor applications of hydrogels H,O, formed. The reduction of 0> is the preferred choice
containing redox active osmium complexes (usually with in glucose determination because oxidation of possible
bipyridine ligands) acting as ‘electron wires’ connecting interferences (viz. ascorbic acid) present in different sam-
an enzyme redox center and an electrode. Examples argple matrices can be avoided. However, at potentials where

osmium-based redox hydrogels of poly(1-vinylimidazole)
used for immobilization of GOx@hara et al., 1993 lac-
case, and tyrosinaséDdigle et al., 1998 or peroxidase
and amine oxidaseNjculescu et al., 2000 redox hydro-
gels of poly(vinyl pyridine) used for encapsulation of GOx
(Kenausis et al., 1996; Linke et al., 199d4nd pyruvate
oxidase Gajovic et al., 200por osmium-based hydrogel of
poly(allylamine) used for immobilization of lactate oxidase
(Danilowicz et al., 1998

In contrast to a wide variety of organic hydrogels em-

H»>Os is reduced, reduction of dissolved oxygen also occurs
producing high baseline current that reduces the sensitivity
of the biosensor. In the literature, different metal hexa-
cyanoferratesNlattos et al., 2000Milardovic et al., 1997

Lin and Shih, 1999; Wang et al., 199%ere investigated

as electrocatalysts in glucose biosensors in order to enable
the reduction of HO, at potentials where electroreduction

of dissolved oxygen does not occur. In this work, we chose
nickel hexacyanoferrate (NIHCF) as an electrocatalyst for
H>0O, reduction due to its high catalytic efficiency and

ployed in the fabrication of biosensors, inorganic hydrogels good long-term and pH stabilityMilardovic et al., 1997.

are not commonly used as matrices for enzyme immobiliza- Graphite electrode modified with thin layer of electrode-

tion. Silica, alumina, titanium dioxide, and vanadium pen- posited NiHCF was used as a base on which the layer of the

toxide hydrogels readily prepared from organic precursors PdHCF hydrogel with entrapped GOx was deposited. The

by sol-gel methodAvnir et al., 1994; Wang, 199%ave influence of different parameters such as working potential,

highly swollen structure that enables mobility and leaching electrolyte pH, storage conditions, and presence of easily re-

of enzyme from a hydrogel matrix. Therefore, they are suit- ducible interferents on the sensor response was investigated.

able for enzyme encapsulation only in the more condensedUnder optimized conditions, biosensors were used for the

state in the form of xerogels. determination of glucose in fruit juices and yoghurt drinks
In this work, we report the use of polymeric inorganic hy- in batch analysis and flow injection analysis (FIA) mode.

drogel of palladium hexacyanoferrate (PdHCF) as a novel

matrix for enzyme immobilization in the fabrication of am-

perometric biosensors. The PAHCF hydrogel, described first2. Experimental

by Bocarsly’s group 10 years ag®fénnig et al., 1993

can be readily synthesized from the ligand substitution reac-2.1. Materials and methods

tion of KoPdCk by K3Fe(CN) in aqueous solution. In this

reaction, two chloride ligands are displaced per palladium Electrochemical experiments were performed in 0.1M

center and the formation of polymeric chains with iron and phosphate buffer using a Radiometer Voltalab PST050 po-

palladium centers bridged by cyanide ligands occurs. Inter- tentiostat connected to the PC. All experiments were carried

chain cross-linking leads to the formation of gel with high out at 25+ 1°C in three-electrode cell with the biosensor

water content and a Pd:Fe stoichiometry of 2:1. Resulting as working electrode and a Pt wire as the counter electrode.

hydrogel contains in excess of 95% water by weight; and All potentials are referred to the calomel (3M KCI) ref-

once the gel is formed, it does not swell or dissolve when erence electrode except in FIA where Ag/AgCI (3M KCI)

immersed in waterRfennig et al., 1993 Since the PAHCF  reference electrode was used. Between the uses, biosensors

hydrogel is formed from coordination polymer in which the were stored in refrigerator at°€. Before the use, biosen-

metal complex exists as an integral part of the polymer back- sors were kept at room temperature for 30 min.

bone through ligand bridge, the polymer network generated Glucose oxidase (fromspergilus niger, 117 U/mg) was

is geometrically constrained and hence, rigid. This, together purchased from Sigma (St. Louis, MO, USA). All other

with large water content and macro-porous structure pro- chemicals were reagent grade and were used without fur-

viding facile diffusion of reactive species in and out of the ther purification. Spectrophotometric glucose determination

polymer network, makes the PAHCF hydrogel an interesting in food samples was performed using a Boehringer en-

candidate for enzyme immobilization matrix. zyme kit (cat. no. 719620). Absorbance at 340 nm was mea-
We chose glucose oxidase, the well known and the mostsured with BioSpecord 200 spectrophotometer (Analytik-

often used enzyme for glucose determination in different Jena, Jena, Germany).

matrices, as a model enzyme to test the suitability of the

PdHCF hydrogel as a matrix for enzyme encapsulation. 2.2. Biosensor preparation

Glucose oxidase catalyses the oxidatiorBef-glucose to

p-glucono-1,5-lactone and the enzyme is returned to its 2.2.1. Electrode preparation and pretreatment

active state by transferring electrons to molecular oxygen, Graphite disc electrodes were used for preparation of

resulting in the production of hydrogen peroxide. Glucose biosensors. Rods of spectroscopically pure graphite (3mm
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in diameter) were cut to cylinders of 5mm length and cylin- For the mixture containing 2 mg of GOx per 1@0 of final

ders were sealed into glass tubes with epoxy. The piece ofsolution (the composition chosen for GOx immobilization),
copper wire wound to spiral served as electrical contact to the gelation time was about 3 min, sufficiently long to al-
graphite inside the tube. Prior to the use, electrodes werelow easy manipulation with immobilization mixture and its
polished on wet fine emery paper (P 400) and thoroughly deposition on the electrode surface.

rinsed with deionized water. Electrochemical pretreatment After the sol—gel transition was completed, thin red trans-
of electrodes was performed in 0.1 M phosphate buffer (pH parent layer of PAHCF hydrogel with entrapped GOx was
6.0) by cyclization betweer-1.5 and 1.5V at 50mV/s for  formed on the electrode surface. Several combinations of

15 min. electrode and electrode shield materials were tested as a base
for the deposition of PAHCF hydrogel with entrapped GOX.
2.2.2. Electrodeposition of NiHCF layer It was found that the adhesion of the hydrogel to smooth

Electrodeposition of thin electrocatalytic layer of nickel surfaces (disc of smooth platinum with or without electrode-
hexacyanoferrate, #_,)Ni(1+05x[Fe(CN}], (x = 0, 1), posited NiHCF layer, polyethylene, poly(vinylchloride),
onto the surface of electrochemically pretreated electrodesTeflon) was poor, and the peeling of hydrogel film was ob-
was performed from solution containing 0.1 M KCI, 10mM served, especially under hydrodynamic conditions. The ad-
HCI, 0.5mM NiSQ,, and 0.5 mM K[Fe(CN)] by cycling hesion of the hydrogel to rough surface of spectroscopically
the potential 50 times from 0.05 to 0.85V at scan rate of pure graphite surrounded with epoxy seal was much better,
50 mV/s. After the layer of NIHCF was formed, electrodes and no peeling of hydrogel film from electrode surface was
were rinsed with deionized water, transferred to solution observed during 32 days testing period.
containing 0.1 M KCl and 10 mM HCI, and again the poten-  Cyclic voltammograms of PAHCF hydrogel containing
tial was cycled from 0.05 to 0.85V at scan rate of 50 mV/s GOx and deposited on bare graphite electrode, recorded in
for 10 min. After that, electrodes were thoroughly rinsed 0.1 M phosphate buffer (pH 6.0) over the potential window

with deionized water and allowed to dry in the air. from —0.2 to 1.2V, showed only one, small and ill-defined,
irreversible reduction wave at about 0.1V which disappeared
2.2.3. Immobilization of enzyme in subsequent cycles. This wave can be attributed to the re-

The mass of 2mg of GOx was suspended inu.25of duction of Pd(ll) species from hydrogel to Pd metdgnnig
44 mM Kz[Fe(CN)] in 0.1 M phosphate buffer (pH 6.0), etal., 1993. No additional waves were visible in the poten-
50p.L of deionized water was added, and the solution was al- tial range studied indicating that the iron redox centers in
lowed to stay at room temperature for 45 min. Subsequently, hydrogel are not electroactive in accordance with previously
into this solution, 25u.L of 88 MM PdC} in 0.15 M KCl was published dataRfennig et al., 1993
added. A volume of L of resulting mixture was pipet-
ted quickly on the surface of the NiHCF modified graphite 32 NiHCF layer electrodeposition and
electrode and the electrode was allowed to stay in the air for s g ectrocatalytic properties
15min. Five biosensors were prepared from one batch of

enzyme and hydrogel solution. Three of them were stored The formation of NiIHCF layer on graphite electrode is

immersed in 0.1 M phosphate buffer (pH 6.0), and remain- shown inFig. 1 Two pairs of overlapping peaks are visible
ing two biosensors were stored in air saturated with water

vapor (i.e., in test tubes containing water with electrodes
placed few centimeters above the water surface).

40+
3. Results and discussion 20
3.1. GOx immobilization <
2 o
Immediately after the addition of Pdflkolution into =
the solution containing GOx andsie(CN)] dissolved in 204
phosphate buffer, the color of the mixture turns dark red
indicating that the formation of polymeric palladium hex-
acyanoferrate species begins. We observed that the gela- -401 =
tion time of immobilization mixture strongly depends on the T T T T

amount of GOx added. For the mixture containing 2.5 mg 0.0 02 04 06 08
of GOx per 10QuL of final solution, the gelation time was EIV
shorter than 60s; and if the concentration of enzyme was Fig. 1. Cyclic voltammograms for the formation of NiHCF film on graphite

higher than 4 mg of GOx per 1L of final solution, so- electrode recorded in 0.1 M KCI containing 10 mM HCI, 0.5 mM NiSO
lution coagulated immediately after the addition of PACl  and 0.5mM K[Fe(CN]; scan rate 50 mV/s.
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on the voltammogram. Pair of peaks occurring at the most is greatly enhanced at the NiHCF modified electrode. In the

positive potentials can be attributed to the form of Ni-

HCF with the approximate formula #Ni[Fe(CN)s], while

the more negative pair of peaks is related to the oxida-
tion/reduction of potassium depleted form of NiIHCF with

approximate formula KNis[Fe(CN)] (Zamponi et al.,

potential range above 0.6V where oxidation of®3 oc-
curs, anodic currents recorded in the presence sHat

the bare graphite electrode and the NiHCF modified elec-
trode are almost equal indicating that oxidation efQ is

not catalyzed at the NiHCF modified electrode.

2003. Oxidation of both forms of NiIHCF is accompanied
by the simultaneous displacement of potassium ions and33. Optimization of biosensor response
can be described by the following redox reactiafiarGponi
et al., 2003 In Fig. 3, the sensitivity of the glucose biosensor is shown
as a function of pH. Every point of the curve represents the
averaged amperometric response for three successive addi-
tions of 10uL aliquot of 0.1 M glucose standard solution
into 10 mL of 0.1 M phosphate buffer. Maximum sensitiv-
ity of the biosensor is obtained in the pH range between 4.5
in the presence of 20 mM #D; in phosphate buffer (pH and 5.5. At pH values greater than 6, the sensor sensitivity
6.0) is shown inFig. 2d When compared to the voltam- slowly decreases with a rate of about 0,08 mM per pH
mogram of the same electrode recorded in the supportingunit. In acidic region, at pH values below 4.5, the sensor
electrolyte aloneKig. 29, increase of reduction current at  sensitivity falls more rapidly; and at pH 3.5, it is reduced
potentials smaller than 0.2V as well as an increase of ox-to ~25% of maximum value. The pH value of 5.0 was se-
idation current at potentials greater than 0.65V are visible lected as optimum for biosensor operation in all subsequent
in the presence of $0,. In comparison to the reduction of  experiments.
H2>O- at a bare graphite electrodgig. 2b), the potential at As stated earlier, the potential window in which the
which reduction of HO» begins is shifted in the anodic di- biosensor can be operated is reduced at both the anodic
rection for approximately 0.2V in the case of the NIHCF and cathodic side by electrochemical oxidation of possible
modified electrode. Moreover, the cathodic current due to interferents and reduction of dissolved oxygen, respec-
H2>0- reduction is larger at the NiIHCF modified electrode tively. In order to determine that potential window, a set of
than at the bare graphite electrode (e.g.pB5for NiIHCF steady state hydrodynamic voltammograms were recorded
modified electrode versusp for bare graphite electrode in air-saturated and oxygen-free supporting electrolyte as
at —0.075V) indicating that the electroreduction op®) well as in the presence of ascorbic acid as a model com-
pound for easy-oxidable interferentBig. 4). As can be

KoNi''[Fe!' (CN)g] <> KNi''[Fe" (CN)g] + e~ + KT
KNiys" [Fe" (CN)g] < Nizs'[Fe'' (CN)g] + e~ + K*

The behavior of the NiIHCF modified graphite electrode

seen from the figure, in the potential range betwe@nl25
75| ®), and —0.075V, neither reduction of dissolved oxygen nor
oxidation of ascorbic acid occurs at the NiIHCF modified
graphite electrode, and therefore, the working potential of
501 biosensor must be set in that range. In order to minimize
the background current due to oxygen reduction, the po-
25+ tential of —0.075V was selected as optimum for biosensor
operation in all subsequent experiments.
i
~
-~ n—0
-251 0.8 N
50 =
ey E 0.6 . —
N .
754 ° ~a
2 041
-1001 : : : : : ©
-0.2 0.0 0.2 0.4 0.6 0.8
E/V 024 "
Fig. 2. Cyclic voltammograms recorded in 0.1 M phosphate buffer (pH 3 4 5 6 7 8 9
6.0) at bare graphite electrode (a and b) and NiHCF modified graphite pH

electrode (c and d), without added:®, (a and c) and in the presence

of 20mM H;O; (b and d); scan rate 50 mV/s. Fig. 3. Variation of the sensitivity of the biosensor with pH.
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L . L . L . L L . Fig. 5. Amperometric response of biosensor recorded for successive in-
-0.20 -0.15 -0.10 -0.05 0.00 jections of 1QuL of glucose standard solutions in FIA mode (two injec-

E/V tions of each standard solution are shown); supporting electrolyte: 0.1 M

phosphate buffer, pH 5.0; applied potential0.035V vs. Ag/AgCI (3M
Fig. 4. Hydrodynamic voltammograms recorded in 0.1 M phosphate buffer KCI) reference electrode; flow rate: 1.0 mL/min.

(pH 5.0) at NiIHCF modified graphite electrode: (a) supporting electrolyte
saturated with air, (b) deaerated supporting electrolyte, (c) deaerated
supporting electrolyte containing 1 mM ascorbic acid, and (d) deaerated ing cross-linked osmium complex of poly(vinylpyridine)

supporting electrolyte containing 5mM2B»; scan rate: 2mV/s. (Linke et al., 199% Sensors with GOx cross-linked
with albumin and poly(allylamine) based redox hydrogel
3.4. Response characteristics of the biosensor showed sensitivity of 0.1pA/mM (Koide and Yokoyama,

1999, while for biosensors based on GOx entrapped

To investigate response characteristics of the biosensor, @nto polypyrrole-poly(2-hydroxyethyl methacrylate) hydro-
current—time response after successive additions of aliquotsgel, composite sensitivity of 0.136A/mM was reported
of glucose standard to the phosphate buffer solution under(Brahim et al., 2002 In comparison with previously re-
stirring was recorded. Well-defined reduction current steps ported biosensor based on the NiHCF modified nickel elec-
proportional to glucose concentration were obtained. Under trode with GOx immobilized by a glutaraldehyde/bovine
the optimal conditions (pH 5.0 and working potential equal serum albumin (BSA) cross-linking procedutdilardovic
to —0.075 V) for all five biosensors linear calibration plots et al., 1997, both the response time and the sensitivity in
were obtained in the range from 0.05 to 1 mM & 0.995). FIA mode are enhanced with the biosensor design presented
The slope of calibration plots (i.e., the sensitivity of biosen- here. Since the same detection principle (i.e., electroreduc-
sors) ranged from 0.3 to 1;00/mM. The lowest detection  tion of H,O2) and electrocatalyst (NIHCF) were used in
limit (LOD) calculated as LOD= S.D./sensitivity (where  both biosensors, the 50-fold increase of sensitivity from
S.D. is the standard deviation for the points used to construct0.01pA/mM for biosensor with GOx cross-linked with
the calibration plot and sensitivity is its slope), was found BSA to 0.5.A/mM for biosensor with GOx entrapped into
to be in the range from 3 to 34M. Response time of the  the PdHCF hydrogel can be attributed to better compatibil-
biosensor (determined as the time needed for signal to ob-ity between enzyme and immobilization matrix and hence,
tain 95% of its steady state value) was typically under 30's. better activity of enzyme.

The ability of biosensor to operate under FIA conditions
was also investigated. IRig. 5, typical FIA response on  3.5. Analysis of real samples
subsequent injections of glucose standards is shown. Linear
calibration plot is obtained in the range 0—7 mM glucose  The biosensor was applied for glucose determination in
(2 = 0.9996), with the slope of 635+ 0.005uA/mM. The two commercial food samples: fruit juice (referred as sample
lowest limit of detection of 5@.M was calculated based on 1) and yoghurt drink (referred as sample 2)Hig. 63 am-
the slope of calibration plot and the standard deviation of perometric response of the biosensor on successive additions
calibration points. of glucose standard and real sample into the cell contain-

When compared with previously published data on ing phosphate buffer (batch analysis mode) is shown. Both
sensitivity of biosensors with GOx immobilized into var- samples were only diluted with phosphate buffer prior anal-
ious hydrogel matrices (calculated for the same elec- ysis, sample 1 in volume ratig (sample 1, buffer}= 1:1,
trode geometric area as in this work), better results and sample 2 iny (sample 2, buffer}= 1:10. The glucose
were obtained for biosensor described here. For example,content in each sample was calculated from the ratio of the
sensitivity of 0.028—0.043A/mM was reported for biosen-  heights of current steps obtained upon the addition of stan-
sors with GOx immobilized into redox hydrogel contain- dard and sample.



6 D. lvekovic et al./Biosensors and Bioelectronics xxx (2004) xx—xxx

01 @ 44 s73 (b)
] ST2 ) S-2
| 3
-0.2_
] s1 < |
§_ l s-2 3 24
= -0.34 1 l - s-1
] ST1 11
-0.4
0w
-0.5 T T T T T T T T T T T T T T T T
0 5 10 15 20 0 5 10 15
time / min time / min

Fig. 6. Amperometric response of biosensor recorded for determination of glucose in (a) batch analysis mode and (b) FIA mode. (a) Additions of sample
or glucose standard solution into the 10 mL of phosphate buffer are marked as follows: §il028ample 1; ST1, 2Q.L of 0.1 M glucose standard

solution; S-2, 5Q.L of sample 2; and ST2, 10L of 0.1 M glucose standard solution. (b) ST3, S-1, and S-2 indicate two successive injectionglof 10

of 4mM glucose standard solution, samples 1 and 2, respectively. For dilutions of samples, see text. Supporting electrolyte: 0.1 M phosphate buffer,
pH 5.0; applied potential=0.075V vs. calomel (3M KCI) reference electrode (batch analysis mode)0od35V vs. Ag/AgCl (3M KCI) reference
electrode (FIA mode); flow rate: 1.0 mL/min (FIA mode).

The glucose determination with the biosensor operating a period of 20 min, and the relative standard deviation of
under FIA conditions was also performeldig. 6b). Prior 3.8% { = 10) was obtained. The long-term storage stabil-
analysis samples are diluted with phosphate buffer in vol- ity of biosensor was studied over the 32 days period. For
ume ratiosyr (sample 1, buffer}= 1:100 andys (sample 2, this purpose, five biosensors were prepared and stored at
buffer) = 1:50. Small volumes (1@L) of glucose standard  4°C under different conditions: three sensors (labeled as
and diluted samples were injected into the phosphate bufferE1-E3) were stored immersed in phosphate buffer (pH 6.0),
carrier stream and changes in reduction current caused bywhile remaining two (labeled as E4 and E5) were stored in
passage of sample or standard plug over the biosensor placedir saturated with water vapor. The sensitivity of biosensors
in wall-jet flow cell were recorded. From the ratio of the was determined every 2 days as averaged amperometric re-
heights of peaks obtained, the concentration of glucose insponse upon three additions of glucose standard measured
each sample was determined. in batch analysis mode. Immediately after the preparation,

In Table 1 the results obtained by batch analysis and all five sensors showed sensitivity in the range between 0.4
FIA are compared with the glucose contents determined by and 0.55.A/mM. For the sensors E1 and E3, decrease of
reference spectrophotometric method for each sample. Assensitivity of 30-40% was observed during the first 6 days
can be seen, good agreement between results obtained bgf storage, and then it remained constant for next period of
biosensor and reference method exists. Relative errors of 1.526 days. Sensors E2, E4, and E5 showed some increase of
and 1.3% for batch analysis mode, and 5.8 and 2.9% for the sensitivity during the first 48 h of storage, and again, af-
FIA mode were obtained for samples 1 and 2, respectively. ter that time they maintained their sensitivity until the end
of the testing period. Such long-term behavior indicates that
the compatibility of the PAHCF hydrogel with GOx enzyme
is very good, and PdHCF hydrogel is promising matrix for
GOx immobilization.

3.6. Repeatability and long-term stability of biosensor

Repeatability of the biosensor was tested in FIA mode
by consecutive injections of 4 mM glucose standard within

Table 1 4. Conclusion

Determination of glucose in real samples in batch analysis and FIA )
mode compared to the reference spectrometric enzyme method (sample Palladium hexacyanoferrate hydrogel has successfully

1, commercial fruit juice; and sample 2, yoghurt drink) been employed as a matrix for glucose oxidase immobiliza-
Samp|e Amperometric biosensor Reference thﬂ OntO the Surface Of graphlte electrode mOdIerd Wlth
spectrophotometric method thin layer of nickel hexacyanoferrate. Due to the catalytic
effect of nickel hexacyanoferrate for the electrochemical
y(glucose)/(g/L) reduction of KO, liberated in GOXx catalyzed oxidation of

L 21.9 29.1 21.5 glucose, the prepared biosensor can be operated in the poten-
2 31.0 32.3 31.4 ; : i .

tial range where interferences neither of dissolved oxygen

Batch analysis FIA




D. lvekovic et al./Biosensors and Bioelectronics xxx (2004) xxx—xxx 7

nor of ascorbic acid occur. The sensor was applied for the Jimenez, C., Bartrol, J., Derooij, N.F., Koudelkahep, M., 1997. Anal.
determination of glucose concentration in fruit juice and  Chim. Acta 351, 169.

, : Kenausis, G., Taylor, C., Katakis, |., Heller, A., 1996. J. Chem. Soc.
yoghurt drink, and the results obtained showed good corre-<€nausis: G., Taylor, C., Katakis, 1., Heller, A., 1996. J. Chem. Soc
Faraday Trans. 92, 4131.

lation with results obtaine_d by reference spectrophotometric ygige s., Yokoyama, K., 1999. J. Electroanal. Chem. 468, 193.
enzyme method. The biosensor showed good long-termkwong, A.W.K., Grundig, B., Hu, J., Renneberg, R., 2000. Biotechnol.
storage stability indicating the good compatibility be- Lett. 22, 267.

tween the PAHCF immobilization matrix and the entrapped Lin: M-S., Shih, W.C., 1999. Anal. Chim. Acta 381, 183. _
enzyme Linke, B., Kerner, W., Kiwit, M., Pishko, M., Heller, A., 1994. Biosens.

Bioelectron. 9, 151.
Mattos, I.L.de, Gorton, L., Laurell, T., Malinauskas, A., Karyakin, A.A.,
2000. Talanta 52, 791.
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