
36

Sensor Electronics and Microsystem Technologies. 1/2010

UDC 577.15.4+573.6 

APPLICATION OF ZEOLITES FOR IMMOBILIZATION OF GLUCOSE 
OXIDASE IN AMPEROMETRIC BIOSENSORS 

Tatiana B. Goriushkina1,2, Burcu Akata Kurç3, 
Albert Sacco Jr.4, Sergei V. Dzyadevych1,5 

1 Laboratory of Biomolecular Electronics, Institute of Molecular Biology and Genetics, National 
Academy of Sciences of Ukraine, Zabolotnogo Street 150, 03143 Kyiv, Ukraine, tel/fax +380 44 526 43 97; 

2 Biological Department, Taras Shevchenko Kyiv National University, 
Volodymyrska Street 64, 01003 Kyiv, Ukraine; 

3Micro and Nanotechnology Department, Central Laboratory, 
Middle East Technical University, 06530 Ankara, Turkey; 

4Center for Advanced Microgravity Materials Processing, Northeastern University, USA. 
5Institute of High Technologies, Taras Shevchenko Kyiv National University, 

64 Volodymyrska St., 01003, Kyiv, Ukraine 
e-mail: tatiana_goryushkina@yahoo.com

APPLICATION OF ZEOLITES FOR IMMOBILIZATION OF GLUCOSE OXIDASE 
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Abstract. An investigation was performed to evaluate the effect of different zeolites (silicalite, zeolite 
Y and zeolite Beta with varying Si/Al ratio) on the performance of glucose amperometric biosensor 
based on immobilized glucose oxidase (GOD). It was observed that detection limit of biosensors based 
on GOD without zeolite was 0.64 mM of glucose. However, in the case of GOD immobilization with 
zeolites NH

4
-Beta-25, Na-Beta and silicalites, biosensors with smaller detection limits within the range 

of 0.01 to 0.04 mM of glucose were obtained. The study of selectivity of designed biosensors showed 
that biosensor based on GOD immobilized with zeolite NH

4
-Beta-25 was much selective comparing 

with biosensor based on GOD without zeolites. Stability of developed devises also was investigated, and 
in the case of biosensor with GOD and Silicalite-1 it was higher than for GOD without zeolite. Thus 
zeolites of different types can be effectively used for GOD immobilization in glucose amperometric 
biosensors development for optimization of sensitivity, selectivity and stability of these devises. 
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ÇÀÑÒÎÑÓÂÀÍÍß ÖÅÎË²Ò²Â ÄËß ²ÌÌÎÁ²Ë²ÇÀÖ²¯ ÃËÞÊÎÇÎÎÊÑÈÄÀÇÈ 
ÏÐÈ ÐÎÇÐÎÁÖ² ÀÌÏÅÐÎÌÅÒÐÈ×ÍÈÕ Á²ÎÑÅÍÑÎÐ²Â 

Ò. Á. Ãîðþøê³íà, Àêàòà Êóð÷ Á., À. Ñàêêî, Ñ. Â. Äçÿäåâè÷ 

Àíîòàö³ÿ. Ìåòîþ äîñë³äæåííÿ áóëà îö³íêà âïëèâó ð³çíèõ òèï³â öåîë³ò³â (ñèë³êàë³ò³â, öå-
îë³òó Y òà öåîë³ò³â Áåòà ç ð³çíèì ñï³ââ³äíîøåííÿì ñèë³ö³é-àëþì³í³é) íà ðîáî÷³ õàðàêòåðèñ-
òèêè ãëþêîçíîãî àìïåðîìåòðè÷íîãî á³îñåíñîðà íà îñíîâ³ ³ììîá³ë³çîâàíî¿ ãëþêîçîîêñèäà-
çè (ÃÎÄ). Áóëî âñòàíîâëåíî, ùî ãðàíèöÿ âèçíà÷åííÿ ñóáñòðàòó äëÿ á³îñåíñîðà ç ÃÎÄ áåç 
öåîë³ò³â ñòàíîâèòü 0,64 ìÌ ãëþêîçè, òîä³ ÿê ïðè ³ììîá³ë³çàö³¿ ÃÎÄ ç öåîë³òàìè NH

4
-Áå-

òà-25, Na-Áåòà òà ñèë³êàë³òàìè áóëè îòðèìàí³ á³îñåíñîðè ç ìåíøåþ ãðàíèöåþ âèçíà÷åí-
íÿ — â³ä 0,01 äî 0,04 ìÌ. Äîñë³äæåííÿ ñåëåêòèâíîñò³ ñòâîðåíèõ á³îñåíñîð³â ïîêàçàëî, ùî 
ñåíñîð íà îñíîâ³ ÃÎÄ, ³ììîá³ë³çîâàíî¿ ç öåîë³òîì NH

4
-Áåòà-25, áóâ çíà÷íî ñåëåêòèâí³øèì 

ó ïîð³âíÿíí³ ç ñåíñîðîì íà îñíîâ³ ÃÎÄ áåç öåîë³ò³â. Òàêîæ áóëî ïðîàíàë³çîâàíî ñòàá³ëü-
í³ñòü ðîçðîáëåíèõ á³îñåíñîð³â òà ïîêàçàíî, ùî âîíà áóëà âèùîþ äëÿ ÃÎÄ, ³ììîá³ë³çîâàíî¿ ç 
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Introduction 

Zeolites are hydrated aluminosilicates belonging 
to the family of the tectosilicates, organized into 
regular three-dimensional networks with intercon-
nected channels and cages [1, 2]. Since the 1990s, 
the combination of some of the attractive properties 
of zeolites with electrochemical methods of analy-
sis has opened a new area of research in the ana-
lytical biochemistry. Nowadays zeolites are still of 
great interest due to their high surface areas, rigid 
and well defined pore structures, thermal stabilities, 
and tailorable surface charges with respect to other 
types of nanomaterials. 

Particularly nano-sized pores of zeolites can be 
adjusted to precisely determined uniform open-
ings allowing for molecules smaller than its pore 
diameter to be adsorbed. The different pore sizes 
of synthetic zeolites open up a wide range of pos-
sibilities in terms of sieving molecules of different 
size or shape from gases and liquids [3, 4]. On the 
other hand, in zeolite structures, Si atoms can be 
substituted with Al atoms, resulting in a negatively 
charged structure. These negative sites are balanced 
by counterions, usually alkaline and alkalineearth 

cations, which can be substituted by other cations, 
thus, providing zeolites with the property of ion ex-
change [1]. Such ion exchange properties of zeo-
lites make them inevitable candidates for preparing 
ion-selective membranes for potentiometric cation 
sensing [5]. Zeolites offer selectivity based on the 
size, shape, and charge of the reactants [3]. An-
other advantage of zeolites is that their basic/acidic 
nature can be modified by varying the Si/Al ratio 
with higher ratios indicating higher hydrophobicity 
and lower ion-exchange properties. Furthermore, 
zeolite acidity can be modified by exchanging ex-
tra-framework metal cations with H+ [4]. The hy-
drophilic character of zeolites also makes them very 
suitable materials for the co-immobilization of en-
zymes and mediators in the preparation of biosen-
sors [1]. The number and type of surface hydroxyl 
groups, which are important for immobilization 
applications, can be simply controlled by apply-
ing different heat treatment procedures [6]. Finally, 
zeolites are known to be stable both in wet and dry 
conditions and well-tolerated by microorganisms, 
leading to an enhanced compatibility with bio-
chemical analyses [4]. All of these properties make 
zeolites unique nanomaterials and promising can-

Ñèë³êàë³òîì-1, í³æ äëÿ ÃÎÄ áåç öåîë³ò³â. Òîáòî öåîë³òè ð³çíèõ òèï³â ìîæóòü áóòè åôåêòèâíî 
âèêîðèñòàí³ äëÿ ³ììîá³ë³çàö³¿ ÃÎÄ ïðè ðîçðîáö³ ãëþêîçíèõ àìïåðîìåòðè÷íèõ á³îñåíñîð³â 
äëÿ îïòèì³çàö³¿ ÷óòëèâîñò³, ñåëåêòèâíîñò³ òà ñòàá³ëüíîñò³ öèõ ïðèëàä³â. 

Êëþ÷îâ³ ñëîâà: àìïåðîìåòðè÷íèé á³îñåíñîð, ãëþêîçîîêñèäàçà, öåîë³òè, ãëþêîçà. 

ÏÐÈÌÅÍÅÍÈÅ ÖÅÎËÈÒÎÂ ÄËß ÈÌÌÎÁÈËÈÇÀÖÈÈ ÃËÞÊÎÇÎÎÊÑÈÄÀÇÛ 
ÏÐÈ ÐÀÇÐÀÁÎÒÊÅ ÀÌÏÅÐÎÌÅÒÐÈ×ÅÑÊÈÕ ÁÈÎÑÅÍÑÎÐÎÂ 

Ò. Á. Ãîðþøêèíà, Á. Àêàòà Êóð÷, À. Ñàêêî, Ñ.Â. Äçÿäåâè÷ 

Àííîòàöèÿ. Öåëüþ èññëåäîâàíèÿ áûëà îöåíêà âëèÿíèÿ ðàçíûõ òèïîâ öåîëèòîâ (ñèëèêà-
ëèòîâ, öåîëèòà Y è öåîëèòîâ Áåòà ñ ðàçíûì ñîîòíîøåíèåì êðåìíèé-àëþìèíèé) íà ðàáî÷èå 
õàðàêòåðèñòèêè ãëþêîçíîãî àìïåðîìåòðè÷åñêîãî áèîñåíñîðà íà îñíîâå èììîáèëèçèðîâàí-
íîé ãëþêîçîîêñèäàçû (ÃÎÄ). Áûëî óñòàíîâëåíî, ÷òî ãðàíèöà îïðåäåëåíèÿ ñóáñòðàòà äëÿ 
áèîñåíñîðà ñ ÃÎÄ áåç öåîëèòîâ ñîñòàâëÿåò 0,64 ìÌ ãëþêîçû, òîãäà êàê ïðè èììîáèëèçàöèè 
ÃÎÄ ñ öåîëèòàìè NH

4
-Áåòà-25, Na-Áåòà è ñèëèêàëèòàìè áûëè ïîëó÷åíû áèîñåíñîðû ñ ìåí-

øåþ ãðàíèöåé îïðåäåëåíèÿ — îò 0,01 äî 0,04 ìÌ. Èññëåäîâàíèå ñåëåêòèâíîñòè ñîçäàííûõ 
áèîñåíñîðîâ ïîêàçàëî, ÷òî ñåíñîð íà îñíîâå ÃÎÄ, èììîáèëèçèðîâàííîé ñ öåîëèòîì NH

4
-

Áåòà-25, áûë çíà÷èòåëüíî áîëåå ñåëåêòèâíûì â ñðàâíåíèè ñ ñåíñîðîì íà îñíîâå ÃÎÄ áåç öå-
îëèòîâ. Òàêæå áûëà ïðîàíàëèçèðîâàíà ñòàáèëüíîñòü ðàçðàáîòàííûõ áèîñåíñîðîâ è ïîêàçà-
íî, ÷òî îíà áûëà áîëåå âûñîêîé äëÿ ÃÎÄ, èììîáèëèçèðîâàííîé ñ Ñèëèêàëèòîì-1, ÷åì äëÿ 
ÃÎÄ áåç öåîëèòîâ. Òàêèì îáðàçîì öåîëèòû ðàçíûõ òèïîâ ìîãóò áûòü ýôôåêòèâíî èñïîëüçî-
âàíû äëÿ èììîáèëèçàöèè ÃÎÄ ïðè ðàçðàáîòêå ãëþêîçíûõ àìïåðîìåòðè÷åñêèõ áèîñåíñîðîâ 
äëÿ îïòèìèçàöèè ÷óâñòâèòåëüíîñòè, ñåëåêòèâíîñòè è ñòàáèëüíîñòè ýòèõ ïðèáîðîâ. 

Êëþ÷åâûå ñëîâà: àìïåðîìåòðè÷åñêèé áèîñåíñîð, ãëþêîçîîêñèäàçà, öåîëèòû, ãëþêîçà 

Tatiana B. Goriushkina, Burcu Akata Kurç, Albert Sacco Jr., Sergei V. Dzyadevych



38

Sensor Electronics and Microsystem Technologies. 1/2010

didates for the immobilization of biological mol-
ecules and for advanced analytical tasks. 

It is well known that the immobilization of en-
zymes on solid surfaces plays a key role in the develop-
ment of biosensors and has aroused increasing interest 
among researchers. Special additives placed into the 
sensitive membrane during immobilization can im-
prove sensitivity and stability of immobilized enzyme 
and working characteristics of developed biosensor 
[7]. Recently, there has been an attention to the im-
mobilization of proteins on nanoparticles which can 
retain the bioactivity of proteins to a large extent [4]. 

Promising results were also obtained upon using 
zeolites in biosensor applications, since it was shown 
that zeolites result in increased biosensor sensitivity 
and selectivity [1, 2, 8]. It was also shown that zeo-
lites may establish a foundation for fabricating new 
type of biosensors without using mediators, because 
they can be used as an effective mediator to improve 
the stability and the analytical performances of bio-
sensor [2, 9]. Different types of zeolites have been 
studied to investigate different enzyme activities in 
biosensors [1, 2, 8 — 10]; however there is still great 
interest to optimize zeolite type, membrane prepa-
ration technique, biosensor selectivity and stability 
upon using zeolites in comparison with the already 
available procedures. 

Accordingly, the objective of the current study is 
to investigate the effect of different zeolites, i.e., sil-
icalite, zeolite Y and zeolite Beta with varying Si/Al 
ratio, on the performance of immobilized glucose 
oxidase (GOD) for the first time. Furthermore, the 
advantages and disadvantages of using zeolites for 
the development of glucose amperometric biosen-
sors in comparison with classical glucose biosensors 
without zeolites were explored. 

Materials and methods 

Zeolites, enzymes and chemicals 

The zeolite types investigated in the present study 
include two silicalite samples with two different parti-
cle sizes (Silicalite-1 is around 800 nm and Silicalite-2 
is around 350-400 nm); commercial samples of zeo-
lite NH

4
-Beta-25 (Si/Al ratio of 12.5), H-Beta-150 

(Si/Al ratio of 75) and H-Beta-300 (Si/Al ratio of 
150); as-synthesized Na-Beta with Si/Al ratio of 12. 
The morphology of particles of investigated silicalites 
is shown in Fig. 1. Glucose oxidase (GOD) from 
Penicillium vitale with specific activity 130 U/mg was 
obtained from “Diagnostikum” (Lviv, Ukraine). 

 

  

Fig. 1. Microphotography: Silicalite-1 (a), Silicalite-2 (b) 

For electrochemical polymerization of the en-
zyme the monomer 3,4-ethylenedioxythiophene 
(EDT) from “Baytron M” (Germany) and 50% 
polyethylene glycol from “Sigma” (Germany) were 
used. Glutaraldehyde produced by “Fluka” (UK) 
was also used as a polymer matrix for enzyme de-
position. In addition the following chemicals were 
used: hydrogen peroxide from “Merck” (Germa-
ny), glucose from “Sigma” (USA), bovine serum 
albumin (BSA) from “Sigma” (USA), ethanol from 
“Sigma” (USA), Na

2
HPO

4
⋅7H

2
O and KH

2
PO

4 

from “JT Baker” (Holland). All chemicals were of 
analytical reagent grade and used as received with-
out additional purification. 

Amperometric experiments 

The key enzymatic reaction used for glucose de-
termination by amperometric biosensor based on 
immobilized glucose oxidase is: 
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 GOD 
Glucose + O

2
  Gluconolactone + H

2
O

2
; 

Substrate enzymatic transformation results in 
generating electrochemically active substance, hy-
drogen peroxide, decomposition of which causes 
formation of electrons measurable by means of am-
perometric transducer: 

Í
2
Î

2
  Î

2
 + 2Í+ + 2å-. 

All electrochemical experiments were per-
formed using the traditional three-electrode system 
in which the printed electrode SensLab (SensLab 
GmbH, Leipzig, Germany) combines in itself all 
three electrodes — platinum working, auxiliary and 
reference [11]. Amperometric measurements at a 
constant potential were carried out in 5 ml electro-
chemical cell using potentiostate PalmSens (Palm 
Instruments BV, the Netherlands). 

Enzyme immobilization by electrochemical 
polymerization in the polymer poly(3,4-ethylene-
dioxythiophene) 

Electropolymerisation of small monomers is a 
technique for the formation of a membrane at the 
electrode surface. This method allows one to select 
and maintain dimensions, shape and thickness of 
the matrix and to provide exact control over pre-
cipitation. Electropolymerised films can be suc-
cessfully used in biosensors since these films, due 
to their permselectivity to hydrogen peroxide over 
other compounds, act as a selective barrier reduc-
ing the interfering effect of electroactive substanc-
es. More detailed characteristic of poly(3,4-eth-
ylenedioxythiophene) (PEDT) electrochemical 
polymerization was published previously [11]. 

For electrochemical polymerization, a mixture of 
components consisting of 10 mÌ 3,4-ethylenedioxy-
thiophene (EDT), 50% polyethylene glycol (PEG) 
and 30% enzyme solution, was prepared in 20 mÌ 
phosphate buffer, ðÍ 6.2 for EDT and PEG solution 
and ðÍ 7.2 for GOD solution. PEDT was polymer-
ized by application of the potential from +0.2 to +1.5 
V at the rate of 0.1 V/s during 15 cycles using the po-
tentiostate PalmSens. The PEDT electrochemical 
synthesis was monitored by cyclic voltammetry. After 
the enzyme immobilization in PEDT the surface of 
SensLab electrode was washed with distilled water. 

Enzyme immobilization in glutaraldehyde vapour 

Glutaraldehyde is a polyfunctional agent which 
forms covalent bonds between biocatalytic particles or 

proteins. Therefore, enzyme immobilization with glu-
taraldehyde is often used for development of enzyme 
biosensors. This immobilization method produces 
a three-dimensional matrix, in which the enzyme 
is closely trapped with the electrode material, thus 
improving both retention of the biomolecule on the 
electrode surface and electrical communication [12]. 
For formation of the glutaraldehyde-based bioselec-
tive membrane, a drop of 30% GOD solution with 5% 
BSA was put on the surface of working electrode. Then 
these sensors were placed into glutaraldehyde vapour 
atmosphere for 10 min and then dried in air. 

Experiments with zeolites 

In the case of electrochemical polymerization, 
a zeolite solution was added to the PEDT solution 
(only for Silicalite-1) or into the PEG solution (for 
all other zeolites). Final zeolite concentration in 
membrane in all cases was 5% by weight. 

Cyclic voltammograms obtained at the SensLab 
electrode during electrochemical polymerization of 
EDT with GOD and zeolite are shown in Fig. 2. It 
was observed that the current decreased during every 
cycle, which illustrates the process of EDT polymer-
ization and its deposition at the electrode surface. 

 

Fig. 2. Cyclic voltammograms obtained for platinum 
printed electrode SensLab during electrochemical po-
lymerization of EDT with GOD and Silicalite-1 

In the case of enzyme immobilization in glutar-
aldehyde vapor, the zeolite solution was prepared 
and added to the BSA solution. Once again, the 
zeolite concentration in the membrane was 5%. 

Glucose determination by amperometric biosensor 
and biosensors storage 

All measurements were performed in 20 mM 
K, Na-phosphate buffer solution, ðÍ 7.2, at room 
temperature in an open container with constant 

Tatiana B. Goriushkina, Burcu Akata Kurç, Albert Sacco Jr., Sergei V. Dzyadevych



40

Sensor Electronics and Microsystem Technologies. 1/2010

stirring. The glucose concentrations were changed 
in a controlled manner by adding aliquots of con-
centrated glucose solutions. After each measure-
ment, the biosensor was washed with buffer solu-
tion to stabilize the base signal. The stability of the 
developed biosensors was tested using dry storage of 
the sensor at +4 °C between the measurements. 

Results and discussion 

Two different methodologies for immobilization 
of glucose oxidase (GOD) with zeolites were inves-
tigated. These are electrochemical polymerization 
in the polymer poly(3,4-ethylenedioxythiophene) 
(PEDT) and immobilization in BSA-containing 
membrane in glutaraldehyde (GA) vapour. The re-
sults obtained using immobilization of GOD in GA 
and PEDT with zeolites can be seen in Fig. 3. 

 

Fig. 3. Calibration curves of amperometric biosensors 
based on platinum printed SensLab electrode with GOD 
with Silicalite-1 immobilized in PEDT (1) and in GA 
(3) and GOD with Silicalite-2 immobilized in PEDT (2) 
and in GA (4). Measuring conditions: 20 mM phosphate 
buffer, pH 7.2, at potential of +200 mV versus intrinsic 
reference electrode 

According to Fig. 3, immobilization of GOD us-
ing the electrochemical polymerization methodol-
ogy in PEDT leads to biosensors with a wider dy-
namic range of work and higher level of signal. Thus, 
PEDT polymerization was chosen for the prepara-
tion of zeolite membranes on the electrodes and im-
mobilization of enzymes for the rest of the studies. 
Accordingly, laboratory prototypes of glucose am-
perometric biosensors based on platinum printed 
electrodes SensLab and GOD immobilized in the 
PEDT with different zeolites and without zeolite 
were created. In all cases, including with 5% zeolite 

solution, it was observed that GOD was active after 
immobilization. The values of the response time, 
and time for stable background current achievement 
for all biosensors based on GOD with zeolites and 
GOD without zeolite were similar. However, biosen-
sors based on zeolites H-Beta 150 and H-Beta 300 
demonstrated very low response to the substrate. 

The calibration curves of the laboratory proto-
types of amperometric biosensors based on GOD 
without zeolite and GOD with various zeolites are 
shown in Fig. 4. Analysis of the working character-
istics of developed biosensors demonstrated linear 
response to glucose using GOD immobilized in 
PEDT with zeolites H-Beta-150 and H-Beta-300 
in almost the same concentration range as GOD 
immobilized in PEDT without zeolite. The detec-
tion limit for these biosensors was 0.32 — 0.64 mM 
of glucose. However, in the case of GOD immobi-
lization with the other zeolites investigated, biosen-
sors with smaller detection limits within the range 
of 0.01 to 0.04 mM of glucose were obtained. 

 

Fig. 4. Calibration curves of glucose amperometric bi-
osensors based on GOD without zeolite (4) and GOD 
with zeolites Silicalite-1 (1), Silicalite-2 (2), NH

4
-Be-

ta-25 (3), Na-Beta (5), H-Beta-300 (6), H-Beta-150 
(7), immobilized in PEDT. Measuring conditions: 20 
mM phosphate buffer, pH 7.2, at a potential of +200 mV 
versus intrinsic reference electrode 

It is well-known that the selectivity of biosensors 
is important parameter to determine prior to appli-
cation of these devices in analysis of real samples. 
Thus responses of the developed glucose biosen-
sors to ethanol, which is one of the main interfering 
substances, were studied. The current observed at 
different ethanol concentrations for different zeo-
lite biosensors are shown in Fig. 5. As can be seen, 
the responses to ethanol of the biosensors based on 
GOD without zeolite and GOD immobilized with 
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both of the silicalite samples are almost the same. 
Sensors based on zeolites H-Beta-300, 150 and Na-
Beta demonstrate lower responses to ethanol, but 
their signals to glucose are not high (Fig. 4). The 
optimum combination of high glucose signal and a 
minimum ethanol signal (selectivity) were observed 
for GOD immobilized with NH

4
-Beta-25. It can 

be hypothesized that the Al content is important 
to achieve high selectivity in the current biosensor, 
since almost no change of selectivity was observed 
using silicalite samples. Selectivity is an important 
parameter to consider in biosensors especially for 
real samples [12]. Thus, silicalites are not promising 
candidates for this particular purpose. 

 

Fig. 5. Responses of glucose amperometric biosen-
sors to ethanol based on GOD without zeolite (4) and 
GOD with zeolites Silicalite-1(1), Silicalite-2 (2), NH

4
-

Beta-25 (3), Na-Beta (5), H-Beta-300 (6), H-Beta-150 
(7), immobilized in PEDT. Measuring conditions: 20 
mM phosphate buffer, pH 7.2, at a potential of +200 mV 
versus intrinsic reference electrode 

Also, the storage stability of all the biosensors was 
investigated (Fig. 6). GOD immobilized in PEDT 
without zeolite was not highly stable. It was observed 
that only 70% of initial response was observed af-
ter the first week and that dropped to approximately 
38% by the second week of storage. Activity of bio-
sensors based on GOD immobilized with zeolites 
Silicalite-2 and H-Beta-150 rapidly decreased dur-
ing first 4 — 5 days after immobilization (from 110% 
to ~23 %). GOD immobilized with NH

4
-Beta 25 

demonstrated better stability: 64% of initial response 
in 5 days of storage. For biosensors with H-Beta-300 
and Silicalite-1, storage stability was much higher for 
the first 5 days. These devises demonstrated around 
100% and 75% of the initial signal respectively dur-
ing the first week after immobilization. With these 
zeolite samples, higher reproducibility was obtained 

as well with respect to the rest of the zeolite samples. 
These results suggest that low Al content maybe im-
portant to achieve high stability. Also, the particle 
size of Silicalite-1 crystals is about twice as much of 
the Silicalite-2 crystals (Fig. 1a and b). Thus, par-
ticle size maybe important as well. 

 

Fig. 6. Investigation of storage stability of glucose am-
perometric biosensors based on electrode SensLab and 
GOD without zeolite (a, 2), and GOD with zeolite Sili-
calite-1 (a, 1), H-Beta-300 (b, 3), NH

4
-Beta-25 (b, 4), 

Silicalite-2 (b, 5), H-Beta 150 (b, 6). Measuring condi-
tions: 20 mM phosphate buffer, pH 7.2, at potential of 
+200 mV versus intrinsic reference electrode 

Results of comparative analysis of glucose amper-
ometric biosensors based on GOD immobilized in 
the PEDT without zeolite and with different zeolites 
are shown in Table 1. As can be seen, biosensor with 
GOD and Silicalite-1 demonstrates the best work-
ing characteristics: low detection limit, high level of 
response, high storage and operational stability and 
sufficient selectivity. Biosensors with NH

4
-Beta-25 

and Na-Beta also have their advantages: low detec-
tion limit for both biosensors and very high selectivity 
to the substrate for NH

4
-Beta-25 based biosensor. 
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Table 1 
Results of comparative analysis of glucose amperometric biosensors based on GOD without zeolite and GOD with 

different zeolites

Zeolite
Dynamic range, 

mM glucose
Response 

at saturation, nA
Response to 20 mM ethanol, 
% of 20 mM glucose response

Storage stability

Without zeolite 0.64 — 20 34 39
62% after 10 days, 
35% after 20 days

Silicalite-1 0.02 — 5 75 29
100% after 8 days 
83% after 16 days

Silicalite-2 0.04 — 10 62 75 14% after 8 days
H-Beta-300 0.64 — 10 7 200 77% after 7 days
H-Beta-150 0.32 — 10 3.5 146 23% after 4 days

NH
4
-Beta-25 0.02 — 5 53 5 64% after 5 days

Na-Beta 0.01 — 10 40 63 50% after 2 days

Taken together these results suggest that zeo-
lites of different types can be used as alternatives 
for GOD immobilization in amperometric biosen-
sors development. It was shown that different zeo-
lites with different characteristics lead to different 
biosensor results. Thus, it can be hypothesized 
that different properties of zeolites, such as their 
ion exchange behaviors, particle sizes, surface 
groups, pore sizes, and Si/Al ratios may be tai-
lored in such a way that the optimum performance 
from a biosensor can be achieved upon choosing 
the right zeolite type and tuning its characteristic 
properties. Accordingly, future research will focus 
on evaluating such zeolite characteristics for po-
tential development of the optimum electrodes for 
a desired purpose. 

This study was partly supported by Scientific and 
Technical Research Council of Turkey (TUBITAK) 
with the project number 180M576, and partly by a 
European Union project with the project number 
PIRSES-GA-2008-230802. 

References 

1. Granda Valdes M., Perez-Cordoves A.I., Diaz-Gar-
cia M.E. Zeolites and zeolite-based materials in 
analytical chemistry // Trends in Analytical Chemis-
try. — 2006. — Vol. 25, No. 1. — P. 24 — 30. 

2. Xie Y., Liu H., Hu N. Layer-by-layer films of hemo-
globin or myoglobin assembled with zeolite particles: 
Electrochemistry and electrocatalysis // Bioelectro-
chemistry. — 2007. — Vol. 70. — P. 311–319. 

3. Mazloum Ardakani M., Akrami Z., Kazemian H., 
Zare H.R. Electrocatalytic characteristics of uric acid 
oxidation at graphite–zeolite-modified electrode 
doped with iron (III) // Journal of Electroanalytical 
Chemistry. — 2006. — Vol. 586. — P. 31–38. 

4. Tavolaro A., Tavolaro P., Drioli E. Zeolite inorganic 
supports for BSA immobilization: Comparative study 
of several zeolite crystals and composite membranes 
// Colloids and Surfaces B: Biointerfaces. — 2007. — 
Vol. 55. — P. 67–76. 

5. Arvand-Barmchi M., Mousavi M.F., Zanjanchi M.A., 
Shamsipur M. A PTEV-based zeolite membrane po-
tentiometric sensor for cesium ion // Sensors and 
Actuators B. — 2003. — Vol. 96. — P. 560–564. 

6. Öztürk S., Akata B. Oriented assembly and nanofabrica-
tion of zeolite A monolayers // Microporous and Mes-
oporous Materials. — 2009. — Vol. 126. — 228-233. 

7. Vidinha P., Augusto V., Nunes J., Lima J.C., Cabral 
J.M.S., Barreiros S. Probing the microenvironment 
of sol–gel entrapped cutinase: The role of added 
zeolite NaY // Journal of Biotechnology. — 2008. — 
Vol. 135. — P. 181–189. 

8. Zhou J., Li P., Zhang S., Long Y., Zhou F., Huang Y., 
Yang P., Bao M. Zeolite-modified microcantilever 
gas sensor for indoor air quality control // Sensors 
and Actuators B. — 2003. — Vol. 94. — P. 337–342. 

9. Serban S., El Murr N. Synergetic effect for NADH 
oxidation of ferrocene and zeolite in modified carbon 
paste electrodes. New approach for dehydrogenase 
based biosensors // Biosensors and Bioelectronics. — 
2004. — Vol. 20. — P. 161–166. 

10. F. Manea, A. Pop, C. Radovan, P. Malchev, A. Bebese-
lea, G. Burtica, S. Picken, J. Schoonman Voltammet-
ric Detection of Urea on an Ag-Modified Zeolite-
Expanded Graphite-Epoxy Composite Electrode // 
Sensors. — 2008. — Vol. 8. — P. 5806-5819. 

11. Goriushkina T., Shkotova L., Gayda G., Klepach H., 
Gonchar M., Soldatkin A., Dzyadevych S. Ampero-
metric biosensor based on glycerol oxidase for glyc-
erol determination // Sens. Actuators B: Chemical. 
2009, doi:10.1016/j.snb.2008.11.051. 

12. Goriushkina T., Soldatkin A., Dzyadevych S. Applica-
tion of Amperometric Biosensors for Analysis of Eth-
anol, Glucose, and Lactate in Wine // J. Agric. Food 
Chem. — 2009, Vol. 57, ¹15. — P. 6528–6535. 


