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Abstract: The primary role of the biosensor is to specifi cally detect an analyte using biochemical reaction 
or interaction mediated by isolated biomolecules, organelles, whole cells or biomimetic receptors. In terms 
of construction and function, the biosensor consists of biorecognition element and transducer connected to 
suitable measurement device. Electrochemical biosensor is an electrode or microelectrode with the surface 
chemically modifi ed by the biorecognition element. The main problem of analysis with the biosensors is the 
presence of low and high molecular weight substances in the sample that interfere at the detection of analyte. 
Due to deposition of surface active compounds the biosensor response may be diminished depending on 
time of interaction with sample. These effects can be eliminated by using anti-interference membranes. This 
review deals with preparation and utilization of membranes for the biocomponent immobilization and with 
outer-sphere protective membranes.
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Introduction

The main task of modern chemical analysis is to 
detect and determine small quantities of substanc-
es in complex matrices of the samples. Therefore, 
chemical analysis requires the development and 
use of new laboratory equipments enabling the 
effective separation and sensitive detection of 
individual components in a mixture. Currently, 
biosensors represent important analytical de-
vices that contain component of biological origin, 
which in combination with the physicochemical 
transducer provides required degree of selectivity 
and sensitivity. The biological component in this 
system operates on biocatalytic or bioaffi nity prin-
ciple. Biosensors are highly effective in analytical 
performance at low costs for both obtaining and 
utilization.
Nowadays, analytical chemistry has a number of in-
strumental methods enabling the determination of 
trace concentrations of various analytes in complex 
mixtures. However, this task requires a complex 
sample preparation for the analysis, application 
of suitable separation method, or derivatization of 
analyte before its sensitive determination. These 
operations are time-demanding, expensive and 
do not allow determination of a large number of 
samples in short time. Use of properly designed 
biosensors may represent a suitable alternative to 
the conventional instrumental methods of analysis. 
Practical use of simple measuring equipment such 
as laboratory and pocket meters in combination 
with appropriate biosensors is typical for solving 
specifi c tasks in small testing and clinical labora-
tories and even testing performed in home (e.g. 

glucometers).
One of the most widespread types of the biosensors 
is electrochemical (amperometric) biosensor. In 
practice, it represents a chemically modifi ed elec-
trode, which is made of various forms of carbon, 
carbon paste or inert metal covered by thin layer of 
the biocomponent which allows selective capture of 
the analyte. The rational chemical modifi cation of 
electrode surface allows change the chemical, elec-
trical, electrochemical, and transport properties of 
electrode (Labuda 2012). Chemical modifi er can be 
bound to the electrode surface by simple adsorp-
tion, cross linking, capturing in the polymer fi lm or 
by chemical bond.
The use of amperometric biosensors in complex 
samples can be also problematic as interfering sub-
stances contained in the solution to be analyzed 
may affect the signals. One of the serious problems 
related to the analysis with the biosensors is the 
presence of electroactive substances in the sample/
test solution, which undergo electrochemical reac-
tion near to detection potential. Electroactive sub-
stances resulting from the biocatalytic reaction can 
also contribute to inaccuracies of the determina-
tion. Another source of interferences is the presence 
of high molecular weight compounds which block 
the active surface of the biosensor, typically by their 
adsorption.
Main objective of rationalized biosensor design is, 
therefore, achievement of high selectivity associ-
ated with elimination of unwanted interferences 
(McGrath et al. 2012). This goal can be achieved by 
complex approach used at the biosensor construc-
tion. First of all, there are numerous examples of 
selective effects of mostly polymeric membranes 
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utilized for the biocomponent immobilization. Sec-
ond, there are reports on enzymatic elimination of 
both small electroactive and large molecules within 
the protective layer which cover the biocomponent 
layer. Using appropriate (bio)chemical reaction, 
interferences are converted/decomposed to a form 
which does not interfere. For example, covering 
an amperometric biosensor with pyranose oxidase 
for the determination of disaccharides by an anti-
interferential membrane containing the enzyme 
hexokinase allowed the elimination of effect of 
glucose in the presence of ATP by its phosphoryla-
tion (Petřivalsky et al. 1994). A similar example rep-
resents biosensor with double-stranded DNA and 
glucose oxidase immobilized on the plane pyrolytic 
graphite electrode surface as the layer-by-layer as-
sembly (Zu et al. 2009). The catalase layer located in 
close proximity of DNA ensured the effective DNA 
protection from damage by H2O2 produced in situ in 
the reaction of glucose oxidase with glucose. Third, 
interferences, particularly high molecular ones, can 
be separated by outer-sphere protective membranes 
with size and/or charge exclusion properties. These 
solutions have been recently reviewed in excellent 
paper (Zajoncová and Pospíšková 2009).
The aim of this paper is to review progress on this 
topic and to stimulate further development of the 
complex construction approach at the biosensors 
together and further use of biosensors at analysis 
of clinical, environmental, food, and water samples 
with complex matrices.

Membranes for the immobilization of biocomponents 
and electrode protection
Immobilization of biocomponents within the 
polymeric membrane belongs to the popular ways 
of the construction of biorecognition layers. The 
polymer membrane fulfi ls several goals from the 
biomolecule attachment to control of access of both 
analyte with reagents and electroactive and high 
molecular interferences.
Probably the most commonly used type of mem-
brane is cellulose-acetate membrane which retained, 
for instance, molecules larger than 5000 Da and 
provided reproducible signals of hydrogen peroxide 
(Alp et al. 2000). Nevertheless this membrane was 
not able to avoid completely penetration of ascorbic 
acid to the electrode surface. Other membranes 
have been based on synthetic polymers (reviewed in 
Zajoncová and Pospíšková 2009). Nonconductive 
polymers are characterized by high resistivity, there-
fore, the membranes created from them should 
be thinner than, for instance, conductive polymer 
membranes. The thickness of non-conductive 
polymer layers varies in nanometers range which 
allows the diffusion of both hydrogen peroxide to 

the electrode surface and substrate and product of 
the biochemical reaction used (Miao et al. 2004).
Among phenols, the nonconductive layer of poly(3-
aminophenol) was suitable at the determination of 
glucose (Dong-Hun et al. 1995). Polymerization 
of monomers with appropriate groups allowed 
covalent attachment of the enzyme to the non-
conductive layer. Phenylenediamine such as 1,2-
diaminobenzene (Somasundrum and Aoki 2002, 
Yao et al. 2003, Wang et al. 2000) was used in the 
biosensor for in vivo determination of L-lactate and 
glucose in rat brain. Recently, a biosensor for the 
determination of polyphenols was reported with 
polyphenol oxidase in the membrane prepared by 
the electropolymerization of 1,2-diaminobenzene 
on a screen printed Pt electrode of 1 mm diameter 
(Akyilmaz et al. 2010). Poly(1,3-diaminobenzene) 
resulted in the protection of the electrode surface 
against deposition of macromolecules in plasma, 
blood serum and urea, but not in blood (Daly et 
al. 1999). The biosensor with this membrane was 
used for the determination of creatinine (Madaras 
and Buck 1996), glutamate (Berners et al. 1994) 
and lactate (Yang et al. 1997). For glucose oxidase 
capturing, 1,4-diaminobenzene was also suggested 
(Xu et al. 2002). The poly(o-phenylenediamine) 
membrane created on the electrode surface via 
electropolymerization was employed for the im-
mobilization of lysine oxidase on a Si–gold strip 
electrode to construct L-Lysine biosensor (Ioannis 
et al. 2000). The biosensor has a good response 
against the tyrosine and cysteine, but the response 
to phenylalanine, arginine, histidine and ornithine 
was rather low.
Glucose oxidase, lactate oxidase, L-amino acid oxi-
dase and alcohol oxidase were immobilised in the 
layer based on 2,6-dihydroxynaphthalene electroco-
polymerised with 2-(4-aminophenyl)ethylamine on 
the surface of Pt electrode (Badea et al. 2003). En-
zyme entrapment was realized during the process of 
electropolymerisation by a covalent enzyme fi xation 
to the fi lm via 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide or glutaraldehyde. This biosensor 
response to hydrogen peroxide, ascorbic acid and 
acetaminophen was tested using cyclic voltammetry 
and amperometry.
Increased stability and selectivity of a peroxyni-
trite (ONOO–) biosensor was achieved by poly-
ethylene imine layer which was created on the 
surface of a new manganese-[poly-2,5-di-(2-
thienyl)-1H-pyrro le)-1-(p-benzoic acid)] complex 
prepared by the electropolymerization on the 
100 μm diameter platinum tip and the complexa-
tion of Mn2+ ions (Koh et al. 2010). Biosensor was 
applied in a real rat plasma sample for the detec-
tion of spiked concentrations of ONOO–.
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Overoxidized pyrrole allowed determination of 
glucose in micromolar concentration in the pre-
sence of physiological concentrations of ascor-
bate, urate, cysteine and acetaminophen (Murphy 
1998, Centoze et al. 1992, Palmasino et al. 1993, 
Centonze et al. 1997, Guerriri et al. 1998). The 
membrane was also utilized at the cholesterol 
determination in diluted serum (Vidal et al. 1999) 
and fructose determination in dietetic foods (Gar-
cia et al. 1998).
Substituted naphthalenes like 2,3-diaminonaphtha-
lene, 1,5-diaminonaphthalene, 1,8-diaminonaph-
thalene, and 5-amino-1-naphthol were shown to 
protect biosensor against the effects of electroac-
tive substances leading to lowering of signals of 
hydrogen peroxide as well as ascorbate, urate and 
acetaminophen (Carelli et al. 1996).
Negatively charged polymer Nafi on is widely 
used as a barrier for diffusion of small neutral 
or negatively charged interfering species such as 
ascorbic acid and uric acid. Nafi on is biocompatible 
to the enzymes since it has both hydrophilic and 
hydrophobic properties, it is chemically inert and 
exhibits relatively little adsorption of species from 
the solution.
At a bienzymatic glucose/polyphenol oxidases bio-
sensor with the enzymes immobilized in inorganic 
laponite gels, the use of polymeric Nafi on mem-
brane at the transducer surface reduced effects of 
electroative interferents such as ascorbate, urate 
and acetaminophen (Poyrda et al. 1998). Similarly, 
Nafi on was utilized as a protective membrane at the 
biosensor composed of SiO2 nanosheets-Nafi on na-
nocomposites on the glassy carbon electrode surface 
and acetylcholinesterase (AChE) crosslinked with 
chitosan (Yang et al. 2013). The nanocomposites 
exhibited excellent conductivity, catalytic activity, 
and biocompatibility and the polymers improved 
the biosensor stability.
Potentiometric urea biosensor with the enzyme 
urease resulting to the CO2 formation was con-
structed using chitosan membrane and the pH 

electrode as a transducer (Mulyasuryani et al. 
2010). Chitosan membrane with amino groups 
facilitates interaction with the acid like CO2.

Outer-sphere protective membranes
For the case that the bioelement immobilization 
method does not ensure a true biosensor response 
properly, the use outer-sphere membranes was 
suggested which avoid access of unwanted mostly 
high molecular interferences to the electrode 
surface. In such case, the construction of an elec-
trochemical/amperometric biosensor is a process 
of the formation of multilayer system. Substrates 
are transported through external membrane into 
the biorecognition enzyme matrix by diffusion. 
Resulting analytical signal is affected by the rates 
of enzyme (generally biocomponent) reaction and 
the diffusion which controls the amount of analyte 
reaching the enzyme matrix.
Generally, there are some requirements on the 
biosensors with external membranes. They have 
to:
— be compatible with the environment in which the 

biosensor works,
— have suffi cient lifetime for the analysis of biologi-

cal samples,
— prevent the growth of microorganism on the 

surface. The presence of microorganisms leads 
to excessive consumption of oxygen in the 
vicinity of the membrane. This process causes 
insuffi cient oxygen diffusion into the enzyme 
layer.

Application of the external membrane for biosen-
sor design improves:
— the response value in the presence of potential 

interferences,
— linearity of its concentration response and life-

time,
— operation stability in continuous monitoring.
Again, cellulose-acetate membrane was commonly 
used in a role of protective outer-sphere membrane 
(Fig. 1).

Fig. 1. Scheme of glucose oxidase (GOD) based biosensor with an outer-sphere protective membrane
and gas permeable Tefl on membrane.
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Regarding other materials utilized for external 
membranes, there are polyurethane membranes 
having hydrophobic and biocompatible properties 
(Chen et al. 2002, Yu et al. 2006), porous silicone 
membrane (Piechotta et al. 2005) and perfl uorocar-
bons (Matsumoto et al. 2001). New type of membrane 
was created by mixing hydrophilic polyurethane 
(HPU) and its copolymer with polyvinylalcohol/
vinylbutyral (HPU/PVAB) with the optimum ratio 
HPU: PVAB for the determination of glucose in 
blood serum 3:2 (Han et al. 2007).
Phospholipid bilayers can be successfully used as 
a functional part of the sensor device for various 
groups of biological analytes (Albertorio et al. 
2005). Phospholipid membranes are important for 
their two-dimensional fl uidity, which allows the in-
dividual molecular constituents rearrange laterally 
similarly to the surface to the cell membrane. Sup-
ported bilayer provides effective protection against 
the nonspecifi c protein adsorption and biofouling. 
These systems are not used often in practical bio-
sensor application. A serious disadvantage of their 
use is instability upon exposure to air.
Cell-based biosensor utilizing poly (3,4-ethylenedi-
oxytiophene) (PEDOT) electrodes coated with 
Nafi on and polylysine for combined conductivity, 
cellular adhesion and proliferation was reported 
(Flampouri and Kintzios 2011). The system was 
suggested to be a toxicity biosensor. Another ef-
fective modifi cation of the platinum disc electrode 
(3 mm diameter) represents stable sandwich-type 
amperometric biosensor based on poly(3,4-ethyle-
ne dioxythiophene) (PEDOT) — single walled 
carbon nanotubes/ascorbate oxidase/Nafi on fi lm 
(Liu et al. 2011). Nafi on was used as the outer 
fi lm. Biosensor with relatively fast response (less 
than 10 s) represents good platform for ascorbic 
acid detection with strong anti-interference ability 
against fructose, glucose, oxalic acid, nicotinic acid, 
sodium chloride, ethanol, etc., and excellent long-
term stability.
A practical glucose biosensor was developed by 
combining the effect of Fe3O4 nanoparticles (NPs) 
and the anti-interference ability of the Nafi on fi lm 
(Yang et al. 2009). Glucose oxidase was simply mixed 
with Fe3O4 NPs, cross-linked on the Pt electrode 
surface by glutaraldehyde in chitosan medium, and 
then covered with a thin fi lm of Nafi on. The bio-
sensor is characterized by very low detection limit 
(6×10−6 mol.l–1), a very wide concentration range 
(from 6 × 10−6 to 2.2 × 10−3 mol.l–1) and good storage 
stability. The effect of selected membranes such as 
cellulose acetate, chitosan, fi bronectin, Nafi on, and 
poly (styrene-sulphonate)/poly (L-lysine) against 
biofouling was studied also at the electrocatalytic 
reduction of dissolved oxygen at the gold electrode 

(Trouillon et al. 2009). Fibronectin was found to be 
good in many cases.
Progressive design of an electrochemical glucose 
biosensor was shown by a Nafi on/bacteria/
multiwalled-carbon-nanotube modifi ed glassy car-
bon electrode (Liang et al. 2013). The biosensor 
utilizes Nafi on membrane as the outer protective 
layer. Surplus sacharides containing d-galactose, 
d-fructose, d-cellbiose, l-arabinose and d-sucrose, 
d-maltose, d-mannose and d-xylose as well as 
common interfering substances (acetaminophen, 
ascorbic acid and uric acid) did not affect the detec-
tion of d-glucose. The biosensor is characterized 
by the high stability, specifi city, reproducibility, 
simplicity, low price, and can be used for detection 
of real samples.
Very interesting work is a comparative study dealing 
with the most commonly used membranes such as 
glutaraldehyde — bovine serum albumin, glutaral-
dehyde vapour, Nafi on and two nonstandard inno-
vative systems based on Ti and Pd hexacyanoferrate 
hydrogels performed on the Pt electrodes modifi ed 
by deposition of Ni/Al hydrotalcite together with 
glucose oxidase (Mignani et al. 2009). Tests of in-
terferences by ascorbic acids and acetaminophene 
(paracetamol) were the subject of the study. When 
Nafi on is employed as the protective membrane, 
anionic analytes such as ascorbic acid display no 
interference.
Recently, the concept of outer-sphere membranes 
have been used in our laboratory at DNA based 
biosensors (Ziyatdinova and Labuda 2012). We have 
prepared biosensors by covering the DNA modifi ed 
carbon electrode with the layer of Nafi on and chi-
tosan. Individual polymeric protection membranes 
have been found to be effective against biosensor 
fouling in matrices such as drinks (black tea, coffee, 
fruit juices, beer) and waters.
Rational modifi cation of the platinum electrode 
was achieved by a mixture of Pt nanocubes, glucose 
oxidase and chitosan. A fi nal coverage by Nafi on 
led to the creation of ultrasensitive amperometric 
glucose biosensor which demonstrated excellent 
electrocatalytic activity especially with regard to the 
reduction and oxidation of H2O2 (Ren et al. 2012). 
The Nafi on outer protective membrane eliminates 
the disturbance from interfering species such as 
ascorbic acid and uric acid.
To extend the linearity of sensor response and 
also to protect the biosensor, cross-linked poly(2-
hydroxyethyl methacrylate) external membrane was 
attached to the multilayered membranes formed at 
a platinum electrode by glucose oxidase and redox 
poly(allylamine) ferrocene was immobilized by 
layer-by-layer covalent attachment with the addition 
of Nafi on with (Jusoh et al. 2012). Using this ex-
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ternal membrane, the biosensor protection against 
ascorbic acid and acetaminophen was signifi cantly 
increased.

Tab. 1. Preparation and behaviour of some biosensor external membranes.

Membrane Preparation Properties/mechanism Ref.

Nafi on spin-coating, 200 μl drop, electrode 
rotated at 1000 rpm. Nafi on, solvent 
evaporated by placing the electrode at 
200 ºC for 2 min. 

high affi nity of Nafi on with cations lead-
ing to a Donnan equilibrium

Trouillon
et al. 2009

10 μl of a 0.5 % dropped on the elec-
trode surface which was kept at room 
temperature until dryness

anionic analytes, such as ascorbic, uric and 
citric acids display no interference

Mignani
et al. 2009

Drop coating, air drying cation-exchange polymer, rejects nega-
tively charged components and biofouling, 
improves biocompatibility

Flampouri 
and Kintzios 
2011

4 μl 0.5 % Nafi on, drop coating excellent fi lm forming ability, prevents 
possible enzyme leakage, eliminates 
anionic interferents 

Liu et al. 
2011

Electrode dipped into Nafi on solution 
(2.5 %, w/w) and subsequently dried at 
room temperature

anti-interference coating and enzyme 
immobilization matrix.

Ren et al. 
2012

3 μl 0.1 % (w/v), stored at 4 °C when not 
in use 

chemically and thermally inert, nonelec-
troactive, hydrophilic, and insoluble in 
water

Yang et al. 
2013

10 μl 0.05 % (w/w), stored at 4 ºC when 
not in use

Liang et al. 
2013

Chitosan 5 % solution dropped on the electrode 
surface and evaporated to dryness

used typically in acidic and neutral media 
allowing protonization of its amino 
groups, membrane against high molecular 
weight compounds

Ziyatdinova 
and Labuda 
2012

Perfl uoro-
carbon polymer 
(PFCP)

0.2 % (w/v) solution, spin-coating glucose diffusion limiting membrane, 
immunity to interferences by ascorbic acid, 
p-acetaminophen, and uric acid. 

Matsumoto 
et al. 2001

Poly (hydroxy-
ethyl-
methacrylate)
pHEMA.

G3P-8 Spin coater with a D6004 dis-
penser (Cookson Electronics 
Speciality Coating Systems Inc, 
Indianapolis), membrane layer soaked 
in 0.1 mol.l–1 PBS pH 6.7 for 48 hours to 
hydrate the pHEMA layer

good mechanical strength, cross-linked 
pHEMA hydrogels membranes exhibited 
good protein rejection with small glucose 
solute permeability, elimination of elec-
trochemical interferences such as ascorbic 
acid and acetaminophen

Jusoh et al. 
2012

Polyurethane Dip coating with 3 % (w/w) solution in 
98 % tetrahydrofuran and 2 % dimethyl-
formamide (w/w)

control of glucose and oxygen fl uxes 
in order to optimize linearity of sensor 
response and minimize dependence on 
oxygen tension

Chen et al. 
2002

1—1.5 _μl 2.5 % (w/v) epoxy-poly-
urethane THF solution containing ca. 
40 % epoxy adhesive and curing agent 
and ca. 60 % polyurethane (wt.), to 
avoid pinhole formation during solvent 
evaporation, a 5—10 % surfactant agent 
(Brij 30) added

polyurethane with phospholipid polar 
groups and water-rich hydrogels have been 
used to reduce tissue reactions, epoxy 
resin adhesive enhanced durability of the 
membrane for implantable biosensors 

Yu et al. 
2006

Silicone
membrane

pore membrane of 12 μm thickness, 
pores of 5 or 10 μm diameter are etched 
into the membrane

minimization in number and size of the 
pores allows only a small percentage of 
molecules to diffuse through the pore 
membrane inside the cavity, alternatively, 
by using more or/and bigger pores, in-
creased diffusion rates into the cavity are 
possible 

Piechotta
et al. 2005

Techniques of construction and related properties 
of the external membranes are summarized in 
Table 1.
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Membrane Preparation Properties/mechanism Ref.

Lipopolymer incorporation of poly(ethylene glycol) 
phosphatidylethanolamine (PEG-PE) 
lipopolymers 30 into supported lipid 
membranes

two-dimensional fl uidity, which allows 
the individual molecular constituents 
to rearrange laterally just as they would 
on the surface of a cell membrane, quite 
resistant to nonspecifi c protein adsorption 
and biofouling.

Albertorio
et al. 2005

Cellulose 
acetate

spin-coating, 200 μl drop deposited on 
the electrode immediately rotated at 
1000 rpm

no signifi cant differences from the control 
in non-biofouling environments, it does 
not protect the electrode surface from 
protein adsorption, . quite big pores, so 
it is very likely that albumin permeates 
through the membrane

Trouillon
et al. 2009
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