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A B S T R A C T

Urea is the major end product of nitrogen metabolism in humans, which is eliminated from the body mainly by
the kidneys through urine but is also secreted in body fluids such as blood and saliva. Its level in urine ranges
from 7 to 20mg/dL, which drastically rises under patho-physiological conditions thus providing key information
of renal function and diagnosis of various kidney and liver disorders. Increase in urea levels in blood, also
referred to as azotemia or uremia. The chronic kidney disease (CKD) or end stage renal disease (ESRD) is
generally caused due to the progressive loss of kidney function. Hence, there is an urgent need of determination
of urea in biological fluids to diagnose these diseases at their early stage. Among the various methods available
for detection of urea, most are complicated and require time-consuming sample pre-treatment, expensive in-
strumental set-up and trained persons to operate, specifically for chromatographic methods. The biosensing
methods overcome these drawbacks, as these are simple, fast, specific and highly sensitive and can also be
applied for detection of urea in vivo. This review presents the principles of various analytical methods for
determination of urea with special emphasis on biosensors. The use of various nanostructures and electro-
chemical microfluidic paper based analytical device (EμPAD) are suggested for further development of urea
biosensors.

1. Introduction

Urea is non-toxic, nitrogenous organic end product of protein me-
tabolism, enabling 80–90% of nitrogen elimination from human body.
Normally, urea level in blood serum/plasma is in the concentration
range, 3.3–6.7mM, while its level> 30mM concentration signify the
requirement of dialysis, in addition to other possible factors such as
saline, water depletion and gastrointestinal tract destruction (Ezimah
and Abijah, 2005). On the other hand, decreased blood urea level could
be pointing to the impaired renal function, inadequate protein diet, or
alcohol use. The elevations in blood urea levels> 30mM may also
indicate the malfunctioning of kidneys, being one of the reference
metabolites for hemodialysis. According to national kidney foundation
(NKF), chronic kidney disease (CKD) affects around 10% of world's
population and ranked 18th among the various causes of deaths
worldwide with an annual death rate of 16.3 per 100,000 or over 1
million in totals (Morton and Nussey, 1940). The kidney function tests
play an important role in the diagnosis of renal disorders at early stages.
Several tests such as urinalysis, urine protein, creatinine clearance,
serum creatinine, blood urea nitrogen (BUN), glomerular filtration rate
(GFR) involving either urine or blood samples are commonly grouped
under kidney function tests (KFT). Most important of these tests are

BUN and serum creatinine, which are frequently used in every diag-
nostic laboratory for monitoring of renal function (Karsli, 2015). These
tests also form an essential part of radiological screening procedures
such as magnetic resonance imaging (MRI) and computed tomography
(CT) prior to the administration of radiological contrast agents such as
iodinated contrast or gadolinium based contrast agents so as to prevent
complications such as contrast medium induced nephropathy and ne-
phrogenic systemic fibrosis (Zhou and Lu, 2013).

The urea level in biological fluids has been analyzed quantitatively
by different methods such as chromatographic, chemiluminometric,
colorimetric, spectrophotometric, fluorimetric beside electrochemical
methods. However, the conventional methods such as chromatography
and colorimetric analysis suffer from relatively long time consuming
sample preparation, high cost of equipment, requirement of skilled
persons to operate and long time for analysis (Soni and Jha, 2017). The
colorimetric procedures include nesslerization, phenol-hypochlorite or
Berthelot method and diacetyl monoxime method. BUN test is most
commonly used test for the assessment of blood urea levels and the test
is frequently combined along with a serum creatinine test for the dif-
ferential diagnosis of pre-renal, renal and post-renal hyperuremia. BUN
measures the amount of nitrogen present in a person's blood. The main
drawback of this procedure is that it is time-consuming as well as,
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requires withdrawal of blood from vein, which is painful and incon-
venient to the subject undergoing the procedure. Therefore use of al-
ternate body fluids for urea estimation is of great importance (Watson,
1958). Among non-invasive body fluids such as urine, saliva, sweat and
tears, saliva is most easily accessible to the user due to ease in collection
and its availability. Several research groups have also established a
good correlation between salivary and blood urea levels using con-
ventional methods (Evans et al., 2017). The biosensing methods over-
come the aforementioned drawbacks and enhance the response in terms
of sensitivity and selectivity. Biosensors are analytical devices in-
tegrating with target analyte recognition element, physical or chemical
signal transduction element, and unit for signal display. The demand of
sensitive, selective, inexpensive, and rapid detection of biologically
important analytes has attracted the development of biosensors (Pundir
et al., 2017).

During the past one and a half decades, the use of nanomaterials
such as carbon nanotubes (CNTs), enzyme nanoparticles (ENPs), metal
nanoparticles, and semiconducting nanoparticles have gained wide at-
traction for development of improved biosensors for urea detection.
This has happened, because of their high chemical stability, unique
structure and high surface-to-volume ratio of nanomaterials (Capek,
2009). These characteristics are the reasons for these nanomaterials to
become more attractive for constructing chemical sensors. In recent
times, composite materials based on redox mediators, conducting
polymers, metal nanoparticles, nanocomposites and nanoclusters have
been utilized to combine characteristics of the individual components
with a cooperative improved performance in biosensor fabrication
(Pundir and Narwal, 2018). However, now a day's efforts are also being
made to achieve fabrication of a low cost urea biosensor along with
their improved sensitivity and stability (Jakhar and Pundir, 2018).

The present review highlights the wide ranging approaches of urea
biosensors, including the use of various materials, such as conductive
polymers, non-conductive polymers, redox dyes, redox polymers,
oxides, clays, zeolites and sol gels for this purpose. The recent and fu-
ture trends towards the use of nanomaterials (nanoparticles, nanotubes,
nanolayers, nanofibers, nanohybrids and nanocomposites) for fabrica-
tion of more sensitive and robust urea biosensors have also been
highlighted in this review.

2. Basic concept of a biosensor

According to a recently proposed IUPAC definition, “A biosensor is a
self-contained integrated device, which is capable of providing specific
quantitative or semi-quantitative analytical information using a biolo-
gical recognition element (biochemical receptor), which is in direct
spatial contact with a transducer element (Fig. 1) (Qian et al., 2017).
The biosensors are widely used in diagnostic, medical, quality control,
agriculture industry, veterinary, dairy sciences, bacterial and viral di-
agnostic, drug production, control of industrial waste water, mining,
military and defense (Pundir et al., 2018a, 2018b). The electrochemical
biosensors combine the advantage of the electrochemical techniques
with high substrate specificity of the enzyme, quick response time and

ease of procedure. Recently, analytic performance of electrochemical
biosensors has been improved using nanomaterials (Pundir et al.,
2017). Nanostructure of metal oxides is known to have unique ability to
promote faster electron transfer kinetics between electrode and the
active site of the desired enzyme. In recent years, with the development
of nanotechnology, a lot of novel nanomaterials have been prepared
and their novel properties are being gradually discovered and their
applications have also advanced biosensors (Pundir et al., 2017).
During the last decades, great attention has been paid to various bio-
sensors for detection of urea level in different biological samples.

3. Urea biosensors

Urea biosensors are based on the urease enzyme, which catalyzes
the hydrolysis of urea generating ammonium and bicarbonate ions.
These species influences the pH of the surrounding environment, which
is directly proportional to urea concentration. In particular, the am-
monium ion (NH4

+) in traces can be easily detected by employing a
specific transducer i.e. NH4

+specific electrode (Ammonium ion specific
electrode,AISE),which is in accordance of urea concentration Limbut,
2004. Fig. 2 shows the schematic presentation of urea biosensor.

Guilbault and Montalvo (1969) fabricated for the first time a urea
biosensor, a potentiometric urease electrode for determination of urea
through its urease catalyzed hydrolysis. The analytical signal of this
early urea biosensor was the potential of a cation-selective glass elec-
trode for detection of ammonium ions, generated by urease, which was
proportional to urea concentration. The urea biosensor was stable for 3
weeks at 25 °C. The initially used glass electrode-based sensing element
was interchanged with a more selective, neutral carrier-type ion-se-
lective electrode (NH4

+/CO2) measuring cells. A number of urea elec-
trodes, many of them using ion sensitive field effect transistor (ISFET)
transducers, have been fabricated by now. Achievements have been
made to improve the enzyme layer based biosensor, which has resulted
in higher enzyme stability and lower limits of urea determination.

4. Classification of urea biosensors

A number of criteria like bio-receptors, transducers and different
types of physical and chemical interaction can be used for classification
of urea biosensors. On the basis of transducers, urea biosensors reported
till date, can be classified into 6 types: – 1. Electrochemical
(Amperometric and potentiometric) 2 Conductometric 3. Thermal 4.
Optical 5. Manometric and 6. Piezoelectric

4.1. (A) Amperometric urea biosensors

Urease, which is often present in most biological systems, plays a
very important role in this process by catalyzing the decomposition
reaction of urea. This urease-catalyzed reaction produces an increase in
pH, which is in proportion to urea concentration. The electrochemical
measurements are carried out in a three-electrode cell system consisting
a working electrode, a reference electrode (Ag/AgCl) and a counter
electrode.

An amperometric urea biosensor was fabricated employing the na-
nostructured polypyrrole (PPy) and poly ortho- phenylenediamineFig. 1. Basic principle of biosensor (Pundir et al., 2018a, 2018b).

Fig. 2. Scheme of urea biosensor (Guilbault and Montalvo, 1969).
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(POPDA). The effect of supporting electrolyte and number of deposition
cycles on the OPDA and Py electropolymerization were studied. It was
proved that POPDA and PPy were affected by pH changes and re-
sponded to the ammonium ions and product of urease catalyzed reac-
tion. Scanning electron microscopic(SEM) images of the modified Pt/
PPy electrode were taken. The cycle voltammograms (CV) and chrono
amperometric curves of Pt/POPDA/urease and Pt/PPy/urease elec-
trodes were studied. A good linear relationship was observed for Pt/
POPDA/urease& Pt/PPy/urease electrode in a concentration range
from 6.7 to 54mM and 0.02–0.16mM of urea, respectively. The carbon
nanotubes (CNT) entrapment method was used for construction of
biosensors and the two biosensors (Pt/PPy/POPDA/urease and Pt/
POPDA/PPy/urease) reduced their sensitivity to urea. Pt/РPy/CNT/
urease and Pt/РPy/ urease biosensors were 173 and 138 times more
sensitive to urea than biosensor without PPy (Pt/POPDA/urease bio-
sensor (Branzoi et al., 2012)).

4.2. (B) Potentiometric urea biosensors

Potentiometry is an analytical method that measures electrical po-
tential differences between two electrodes. Increases or decreases in
potential based on a chemical reaction, such as the hydrolysis of urea,
could be recorded, which provides a quantitative determination of urea
levels in real-time samples (Pundir and Narwal, 2018). One of the most
attractive modes of detection of urea commonly used in many urea
biosensors was based on the potentiometric detection of ammonium
ion, ammonia gas, carbon dioxide or pH changed generated by the
enzymatic hydrolysis of urea in accordance with urea concentration.
Notably, the required devices for this mode of transduction are simple
to construct and are readily available. As the biocatalytic reaction of
urease results mainly in a pH change, most urea biosensors are based on
potentiometric mode of pH detection. However, a major problem for
pH-sensitive electrodes is that the sensor response is strongly dependent
on the buffer capacity of the sample solution. Therefore the small pH
change produced by the enzyme catalyzed reaction may be suppressed,
when a high buffer concentration is employed and can lead to a narrow
dynamic range and in some cases it results into loss of biosensor sen-
sitivity (Nouira et al., 2012).

4.3. Conductometric urea biosensors

Transduction based on conductometric measurement is also useful
for biosensing of urea, based on its ability to detect the change in so-
lution resistance (reciprocal of conductance) during enzymatic reac-
tion. These sensors are also simple to construct, suitable for miniatur-
ization and mass production. These sensors do not require the use of a

reference electrode and are unaffected by colour or turbidity, but suffer
from lack of specificity. Substances that can contribute to the con-
ductivity of a solution can influence the reliability of this sensor.

Lee et al. (2000a, 2000b) have used sol-gel immobilised urease on
planar interdigitated electrode arrays for fabrication of urea biosensors.
In this case, the charged products of the urease-catalyzed hydrolysis of
urea increase the solution conductivity around the vicinity of the sensor
surface and the measured conductivity is related to urea concentration.

4.4. Thermal urea biosensors

The detection of thermal change has not gained much interest for
urea biosensors, but has been used in some cases. In this method, heat
produced during a biochemical reaction (urease catalyzed hydrolysis) is
measured and it is believed that the heat produced through the specific
enthalpy, of the reaction is related to the amount of reacted substrate
(urea). The benefit of this method, compared to other methods such as
spectrophotometric and electrochemical methods, is the universal de-
tection principle of specificity of biological reactions, as all biological
reactions are exothermic. However, a major disadvantage of this
method is non-specific heat effects from mixing, changes in pH, visc-
osity and ionic strength can also produce signals. The sensitivity of this
method is directly related to the apparent molar enthalpy of a reaction
and, as such, only more endo or exothermic reactions are often con-
sidered for detection by this approach. The urease catalyzed urea hy-
drolysis has an enthalpy of − 14.97 Kcal mol-1, which is adequate for
thermal bio sensing of urea (Bjarnason et al., 1998).

4.5. Optical urea biosensors

The use of optical chemical sensors has also attracted some interests
as an alternative means of detection of urea. Several optical biosensors
have been described for urea determination that involves immobiliza-
tion of urease onto different matrices, such as PVC, N-+indicator. A
distinct disadvantage of using optical biosensors for urea is that none of
the catalytic products (ammonia or carbon dioxide) or the analyte show
optical properties for adequate detection by optical sensors. Due to this
reason, a second reaction or an indicator dye is often used to achieve
adequate detection. An exceptional example of an optical urea bio-
sensor which does not require such reaction or the addition of dye has
been reported and it is based on the use of a conductive polymer
(polypyrrole) and has been used successfully for urea determination in
biological samples (Marcos et al., 1999).

Fig. 3. Fluidic schematic of biosensor (Jenkins and Delwiche, 2003).
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4.6. Manometric urea biosensors

The measurement of the total quantity of a gas (such as NH3 or CO2)
produced during the urease catalyzed hydrolysis of urea, have also been
made by simple manometric methods (Fig. 3). These methods are based
on the ideal gas law, which states that the volume occupied by a gas is
directly proportional to the number of moles of the gas at constant
pressure and temperature. The gas volume is thus measured as a
function of time or at completion of the reaction. Using this principle,
Jenkins and Delwiche (2003) developed an on-line biosensor and used
it for measurement of urea level in milk with a piezo-resistive pressure
transducer during milking. The sensor is robust to milk and the com-
plete measurement cycle, including a wash cycle between samples and
correction for background dissolved gases lasted about 5min. The main
disadvantage of these manometric sensors compared to other modes of
transduction is that the devices could only be used for the analysis of
discrete samples in a sealed system. Another limitation arose from
practical considerations of the dimension of the headspace gas volume
relative to the sample volume. For effective mass transfer and re-
producible sensitivity, this volume was required to be relatively large.
This can result in a loss of sensitivity compared to the theoretical
maximum. Jenkins and Delwiche (2003) proposed a modification to
solve these problems, wherein the gaseous volume and pressure sensor
would be contained within a porous membrane. Soluble gases could
then move across the membrane to and from the sample, but the gas
phase would be held inside the cavity due to the surface tension of the
sample on the membrane. The cavity pressure could then be in-
dependent of the pressure in the sample, and the entire sensor could be
immersed in the sample. Furthermore, the volume of the gaseous cavity
could be made constant and much smaller so that the sensitivity of the
sensor is reproducible and as large as possible (Jenkins and Delwiche,
2003).

4.7. Piezoelectric urea biosensors

Another transduction mode that has gained some interest for bio-
sensing of urea is piezoelectric detection. In general, the detection of
the change in mechanical characteristics such as mass loading effect
and elastic characteristic due to immunity reaction on a propagation
plane or electrode can be achieved with an acoustic device. However,
the acoustic sensor, which normally detects change in mechanical
properties cannot detect an enzymatic reaction. By using a piezoelectric
crystal in the acoustic device, a piezoelectric field is formed according
to the wave propagation. Since the piezoelectric field penetrates into
the medium in contact with the device, the electrical properties (di-
electric contact and conductivity) of the medium can be detected
(Kondoh et al., 1996). This approach was used to develop urea piezo-
electric biosensors, where the interaction between immobilized urease
on these devices and urea in solution is detected based on change in
conductivity monitored by acoustoelectric interaction. Wei and Shih
(2001) used another approach, which involved the coating of piezo-
electric surface with an adsorbent, which can adsorb the products of the
enzymatic reaction (NH3 or CO2), which serve as a basis for measure-
ment of urea concentration.

5. Urea biosensors based on polymer matrices fabrication

5.1. Urea biosensors based on conductive polymer

One of the areas, which have generated much interest in the fabri-
cation of urea biosensors is in the use of conducting polymers. These
polymers provide suitable matrices for immobilization of bioactive
substances and can be used to enhance stability, speed, and sensitivity
(Ahuja et al., 2008). A number of immobilization techniques including
ethyl-dimethylaminopropylcarbodiimide (EDC) and N-hydroxy-succi-
nimide (NHS) coupling chemistry, have been used to achieve improved

stability of the desired biomolecules within or on conducting polymers.
Several conducting polymer-based urea biosensors have been fabricated
by entrapment of urease within electropolymerized polypyrrole(PPy)
films,polyaniline (PANI) films and polythiophene films (Borole et al.,
2006). Some of the significant urea biosensors reported in this area are
discussed in this review. These matrices are used as supports for bio-
molecules, resulting in biosensors that have enhanced speed, sensitivity
and versatility in diagnostics to measure desired analytes. These devices
are finding ever-increasing use in clinical diagnostics (Kaku et al.,
1994).

Various conducting polymers, like PANI, PPy and polythiophene,
have been used for the fabrication of biosensors. Among them, PPy is
one of the most extensively used conducting polymers in the fabrication
of urea biosensors. The versatility of this polymer is determined by (i)
its biocompatibility, (ii) capability to transduce energy arising from the
interaction of analytes and analyte recognizing sites into electrical
signals that are easily monitored, (iii) capability to protect electrodes
from interfering material, and (iv) easy ways for electro-chemical de-
position on the surface of any type of electrode. Among other con-
ducting polymers, PANI is often used as the immobilizing substrate for
biomolecules and as an efficient electrocatalyst. However, the necessity
to detect bioanalytes in neutral pH ranges leads to electro-inactivity of
the deposited film, discouraging the use of polyaniline and poly-
thiophene as biosensing materials for the detection of urea (Dhawan
et al., 2009).

5.2. Urea biosensors based on non-conducting polymer matrices

Polymers are finding wide usage in the field of electronic measuring
devices, especially sensors owing to their ability to have their chemical
and physical properties tailored over a wide range of characteristics.
The suitably chosen polymeric matrices are found to be biocompatible,
flexible, and cost-effective. Besides this, they can be obtained in the
form of free-standing films for the fabrication of biosensors (Grieshaber
et al., 2008). Extensive efforts have been made to fabricate urea bio-
sensors using different polymer matrices, such as phosphine oxide
polyether, polygalacturonate, polyurethane-acrylate, acrylonitrile, hy-
droxyapatite,alginate, bovine serum albumin, poly(vinyl ferrocenium),
polyethylenimine, synthetic latex polymer, activated polyvinyl alcohol
(PVA), polyvinyl chloride (PVC) and chitosan (CHIT). These materials
provide mechanical strength and long-term stability as supports for the
immobilization of the enzymes. There are a variety of methods by
which enzymes can be immobilized, ranging from covalent chemical
bonding to physical entrapment (Soldatkin et al., 2000).

A potentiometric enzymatic biosensor, with a detection range for
urea between 8.9×10−5 to 1.1×10−3 M, consisting of urease im-
mobilized on PVA activated with 2-flouro-1-methylpyridiniumtoluene-
4-sulfonate (FMP) was developed by Sehitogullari (2002). This sensor
has a limit of detection (LOD) of 1mM and did not cover the physio-
logical range of urea. Lakard et al. (2004) used polyethylenimine films
coated onto glass sealed, metal microelectrodes for the potentiometric
detection of urea. The biosensor include a short response time
(15–30 s), sigmoidal response for urea concentrations in the working
range from 1×10−2.5 to 1×10−1.5 M and a lifetime of about 4 weeks.
It also included benefits such as low diffusional resistance, as well as
strong binding forces between enzyme and matrix, thus reducing the
loss of enzymes and increasing stability.

PVC-based ammonium ion-selective electrodes have been ex-
tensively used for the fabrication of potentiometric urea biosensors.
These conventional potentiometric urea biosensors, pH electrodes and
ammonium ions-selective electrodes detect changes in H+ or NH4

+,
respectively, produced in an enzymatic reaction. However, these bio-
sensors suffer with the associated problem of strong dependence on
sample buffer capacity, which is known to be suppressed by the buffer
used, leading to a narrow dynamic range and loss in sensor sensitivity.
PVC membrane electrode-based biosensors, with suitable ionophores,
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offer many advantages that include short response time, good re-
producibility, simple design and longer lifetime, up to 12 months
(Jaworska et al., 2015).

Functionalized PVCs have been investigated for use as electrode
membrane materials to facilitate efficient enzyme immobilization.
Suitable ionophores have also been utilized with PVC ion electrodes to
enhance response characteristics, such as response time, reproduci-
bility, simple design and longer lifetime. The response characteristics
and potential use of laminated PVC membranes for urea biosensor
fabrication was also studied. An ionophore-free PVC–NH2 pH mem-
brane electrode covalently immobilized with enzyme was applied by
Wałcerz et al. (1996, 1998) for urea estimation by measuring hydro-
nium ions after enzymatic hydrolysis. Later, Tinkilic et al. (2002) fab-
ricated a miniaturized urea sensor by immobilizing urease directly onto
an all solid-state, contact PVC–NH2membrane,AISE with improved
sensitivity, longer lifetime and low cost. The biosensors showed a linear
range between 5×10−2 and 5×10−4 M urea in unbuffered solution.
However, the sensitivity was highly dependent on the H+, Na+ and K+

concentrations in the sample solution, as severe interference from Na+

and K+ ions was observed. Efforts were made to reduce the effect of
interferants to achieve improved performance over carboxylated PVC-
based biosensors. This was in terms of sensitivity, dynamic stability
over 2 months and a response time of 1–2min. The serum urea con-
centration was also measured by these urease-biosensing electrodes
that were based on PVC-membrane ammonium-selective electrodes
containing palmitic acid and nonactin.

An optical biosensor was developed based on an ion-selective op-
tode membrane, which contained nonactin as the ion-selective iono-
phore and ETH 5294 chromoionophore in a thin (1mm) plasticized
poly(vinylchloride) film. This urea biosensor was used for flow injec-
tion urea measurements in the 0.01–2mM concentration range. These
sensors suffer from the influence of interferants such as ammonium,
potassium and sodium ions. In this context, several strategies were used
to overcome the effect of interferences e.g. differential measurements
including separation by gas diffusion and electronic tongues have been
used. Ion-selective-electrode arrays and multivariate calibration models
have proved to be effective for increasing selectivity, enabling the si-
multaneous determination of several species in different types of sam-
ples, ranging from biological fluids to natural waters. Many non-con-
ductive organic polymers were also used with various immobilization
methods to construct a range of urea biosensors (Kovács et al., 2003a,
2003b). In one of these studies, Magalhaes and Machado, 1998 fabri-
cated potentiometric urea biosensors by immobilizing urease into
chitosan membranes coupled to all-solid-state nonactin ammonium ion
selective electrodes. They compared the response characteristics of the
biosensors prepared with four different immobilization methods for the
incorporation of urease into the chitosan membranes by adsorption;
adsorption followed by reticulation with dilute aqueous glutaraldehyde
(GA) solution; activation with GA followed by contact with enzyme
solution; and activation with GA, contact with the enzyme solutionand
reduction of the Schiff base with sodium borohydride (Magalhaes et al.,
1998). They found that the potentiometric urea biosensor prepared by
above method gave the best response characteristics and was able to
detect urea within a linear concentration range of 0.1–10mM, with a
sensitivity of 56mV decade-1, response time of about 1min and life
time of 2 months. Lakard et al. (2004) used a glass-sealed platinum
electrode coated with a thin polyethylenimine film, which was sensitive
to pH to construct a potentiometric pH sensor. They then used this
electrode as a basis for constructing a potentiometric urea biosensor
and compared the use of a number of immobilization methods for the
incorporation of urease onto the electrode. It revealed that im-
mobilization of urease by crosslinking with GA has many advantages,
compared with those achieved with other reagents (Massafera and
Torresi, 2009). The GA immobilised urease biosensor exhibited a short
response time of 15–30 s, sigmoidal responses for urea within a linear
concentration range of 3.1–31.6mM and a life time of 4 weeks. Karakuş

et al. (2005) also investigated four different immobilization methods
for immobilizing urease onto a PVC ammonium membrane, which
contained palmitic acid and involved nonactin as an ammonium-iono-
phore. The resulting potentiometric urea biosensor gave relatively
better analytical characteristics and performance with a relatively high
sensitivity of 40–54mV/decade, a dynamic stability over 2 months with
relatively small decrease in sensitivity and a response time of 1–2min.
The potentiometric biosensor was successfully used for rapid determi-
nation of urea concentrations in serum samples. There was a good
correlation between the results obtained with this biosensor and a
standard spectrophotometric method for the determination of urea in
human serum samples. Koncki et al. (1999a, 1999b) constructed po-
tentiometric urea biosensors by combining urease with ammonium-se-
lective membranes. Carboxylated PVC (PVC-COOH) was used as a
support polymer in ion-selective membrane and nonactin was applied
as an ammonium selective ionophore. The carboxyl groups located on
the membrane surface enabled covalent attachment of urease directly
on the membrane, without the need for additional protective mem-
brane. The biosensor was able to determine urea within a linear con-
centration range of 0.3–70mM at a response time of< 20 s and has a
dynamic stability of over 2 months without a decrease in sensitivity
(Wałcerz et al., 1996). This biosensor was subsequently employed in a
flow injection analysis (FIA) system and achieved a linear concentration
range of 0.5–8mM with a response time of ≤ 2mins. In the FIA mode,
the biosensor was used for fast and accurate human serum analysis. The
results obtained were in good agreement with the reference values for
the samples. Other advantages included the simplicity of the system and
low costs of measurements (Wałcerz et al., 1998). The biosensor was
further used in a simple flow injection analysis system for monitoring of
hemodialysis progress by potentiometric determination of dialysate
urea nitrogen (DUN). Over 25 DUN determinations were achieved in an
hour, within a linear concentration range of 1.6–5mM DUN. The urea
biosensor/FIA system was also successfully used to evaluate clinical
parameters of urea kinetic modeling: parameters KT/V, urea reduction
ratio (URR), percentage removal of urea (PRU) and total urea removal
(TUR) for intradialytic intervals and urea generation rate (G) and
protein catabolic rate (PCRn) for interdialytic intervals. These biome-
dical parameters are used for describing the adequacy of hemodialysis
therapy. In another study, n-tridodecylamine was composited as the
hydrogen-ion selective ionophore with PVC-COOH as the support and
urease was covalently attached to the membrane surface via carboxyl
groups on PVC network. The resulting potentiometric biosensor was
again successfully applied to the determination of urea in urine, cos-
metic creams and pharmacutical samples. Koncki et al. (1995) also used
a lipophilic pH indicator, 9-(4-diethylamine-2-octadecyloxystyryl)-ac-
ridine, with plasticized PVC-COOH for the preparation of a pH optode
membrane. Urease was then linked covalently to the surface of the pH
optode membrane to form a urea optical biosensor. The resulting bio-
sensor was used for rapid determination of urea within a linear con-
centration range of 0.3–100mM. Kovacs et al., 2003 also developed a
planar waveguide type optical urea sensor based on the detection of the
NH4

+ liberated during the catalytic reaction with an ion-selective op-
tode membrane which contained nonactin as ion selective ionophore
and ETH 5294 chromo-ionophore in a thin plasticized PVC film. The
sensor contained an ammonium sensitive, 1 mm thick optode layer and
a second covering layer made of polyurethane. Urease was immobilised
by cross-linking with glutaraldehyde on the surface of the secondary
layer. The biosensor achieved a linear concentration range between
0.08 and 2mM, as well as a fast response time, which enabled the
analysis of about 30 samples/hour. The electrospinning of a urease
solution with polyvinylpyrrolidone (PVP) was used to develop a urea
biosensor by Sawicka et al. (2005). The resulting material was tested for
the detection of urea. In the process of electro-spinning,mixtures of
polymer and enzyme solutions were injected from a small nozzle under
the influence of an electric field as high as 30 kV. The buildup of
electrostatic charges on the surface of a liquid droplet induces the
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formation of a jet. The jet was subsequently stretched to form a con-
tinuous fiber. Before it reaches the concurrently charged collecting
screen, the solvent evaporated or solidified. The fibers were collected
on a conductor surface and formed non-woven mats that were char-
acterized by high surface areas and relatively small pore sizes. This
improved the adsorption properties and enhanced the sensitivity of the
biosensor. Urease-PVP nanofibers prepared by this approach achieved a
linear concentration range of 0.5–2.5 mM, and a response time between
10 and 30 s. In another interesting study, urease was immobilized in
mixed monolayers of poly (N-vinyl carbazole) and stearic acid formed
at an air/water interface. The monolayers were transferred onto in-
dium-tin-oxide (ITO) coated glass plates using Langmuir/Blodgett film
deposition technique. This technique for monolayer deposition is
known to facilitate the desired orientation of a biomolecule. Only a few
investigations have been reported by this approach. The resulting bio-
sensor gave a linear concentration range of 0.5–93mM and the shelf-
life was up to 5 weeks at 4 °C.

Rebriiev and Starodub (2004) developed a simple and rapid method
for the immobilization of urease on a ISFET gate surface based on the
use of liquid photo-polymerisable composite (LPhPC) as a target ma-
terial. N-vinyl pyrrolidone was used as a principal component of the
LPhPC and was applied for immobilization of urease. The potentio-
metric biosensor gave a linear concentration range of 0.05–20mM, a
sensitivity of 38mV/decade and was stable for about 40 days.
Eggenstein et al. (1999) developed a potentiometric urea-sensitive
biosensor based on a NH4+-sensitive disposable electrode in a double
matrix membrane. The ion-sensitive polymer matrix membrane was
formed in the presence of an additional electrochemical inert filter
paper matrix to improve the reproducibility of the sensor production.
Poly(carbamoylsulfonate)hydrogel, produced from hydrophilic poly-
urethane pre-polymer blocked with bisulfite, served as the im-
mobilization material in urea biosensor. The biosensor was successfully
used for the direct determination of urea in blood samples. There was a
good agreement between the results obtained with the biosensor and a
spectrophotometric method. The biosensor achieved a LOD of 20 µM
and a linear concentration range of 72 µM-21mM. Narinesingh et al.
(1991a, 1991b) also used SiO2 thin films on an Indium Tin Oxide(ITO)-
FET to fabricate pH sensors. Photocross linkable PVA bearing styr-
ylpyridinium groups was then used to immobilize urease on the elec-
trode. The resulting biosensor was stable for longer than 99 days and a
linear concentration range of 0.8–13mM was achieved for urea de-
termination. Boubriak et al. (1995) constructed a urea biosensor by
immobilization of urease into to a BSA/glycerol membrane on the
surface of an ISFET. However, the resulting potentiometric biosensor
was not very sensitive achieving a sensitivity of 8mV/mM with a linear
concentration range from 0 to 2mM. Nevertheless, the biosensor was
successfully applied to the determination of urea in rat and rabbit blood
serum samples. Using a very different approach, Xu et al., (1995, 1996)
constructed a urea biosensor with a series piezoelectric crystal (SPC)
device. This involved covalent immobilization of urease layer on ny-
lonnets or by fixing jack bean tissue slices on the probe surfaces of the
SPC ammonia sensor (Yuanjin et al., 1996). The urease sensor exhibited
favourable frequency response to 0.01–3mM urea with a response.

5.3. Enzyme nanoparticles based urea biosensor

The nanoparticles (NPs) aggregates of commercial urease from jack
beans (Canavalia ensiformis) were prepared by desolvation and glu-
taraldehyde crosslinking and functionalized by cysteamine dihy-
drochloride. The biosensor exhibited optimum response within 10 s at
pH 5.5 and 40 °C. The biosensor was employed for measurement of
potentiometric determination of urea in sera of apparently healthy and
persons suffering from kidney disorders. The biosensor displayed a low
detection limit of 1 µM/L with a wide working range of 2–80 µM/L
(0.002–0.08mM) and sensitivity of 23mV/decade. The analytical re-
covery of added urea in serum was 106.33%. The within and between-

batch coefficient of variations (CVs) of present biosensor were 0.18%
and 0.32% respectively. There was a good correlation (r= 0.99) be-
tween sera urea values obtained by reference method (Enzymic col-
orimetric kit method) and the present biosensor. The ENPs bound NC
membrane was used maximally 8–9 times per day over a period of 180
days, when stored in 0.01M sodium acetate buffer pH 5.5 at 4 °C
(Jakhar and Pundir, 2018).

6. Summary & conclusion

In this review, we have provided a brief comprehensive literature/
report of successful fabrication of urea biosensors, in which careful
consideration of optimum factors including the choice of enzyme/
bioactive substances, method of immobilization and transduction mode
was undertaken.

This review presented some of the evident works in the develop-
ment of urea biosensors with an emphasis on the types of immobiliza-
tion techniques and the different types of transducers used. The com-
parative analytic features of the various urea biosensors have been
summarized in Table 1 for an easier overview.

The study highlights the importance of urea biosensors encom-
passing its fields of application from analysis of clinical samples, to food
safety, to heavy metal analysis. Urease in urea biosensor, catalyzes the
hydrolysis of urea producing NH4

+ and HCO3
-causing a pH increase in

the aqueous reaction medium. Specific transducers can detect NH4
+,

NH3 gas and CO2, or pH changes. Immobilization of urease onto a
suitable matrix is crucial in developing an electrochemical urea bio-
sensor. Many electrode materials, such as polymers, sol–gels, con-
ducting polymers, Langmuir–Blodgett films, nanomaterials, and self-
assembled monolayers have been used to obtain enzyme biosensors.
Recently, composite materials based on conducting polymers, redox
mediators, metal nanoparticles, nanocomposites, and nanoclusters have
been used to combine the properties of the individual components with
a synergistic performance in biosensor fabrication. However, biosensors
containing electrochemical transducers are the most used and in these
cases urea is detected via either potentiometric or amperometric
methods. This first one has attracted a lot of attention due to both its
effectiveness and simplicity of preparation. Potentiometric biosensors
appear promising in determining urea concentration due to their ef-
fectiveness and simplicity (Emami and Haghjoo, 2014). Without doubt,
the various urea biosensors that have been reported to date have had
many positive impacts in the analysis of urea in various samples such as
urine, blood, milk, wine, coastal waters, fertilizers, soil, cosmetic and
pharmaceutical samples.

7. Future perspectives

Urea sensors have the potential to be a billion-dollar market and the
technology needs improvement in biological stability, signal transduc-
tion, precision and cost effectiveness. The development of cheap and
disposable array biosensors for the simultaneous detection of clinically
important metabolites and rapid screening of renal related diseases is
still needed (Pundir and Narwal, 2018).

The use of biological molecules for NPs formation and nanowires
has shown great promises in the future of bio sensing and designing of
bioelectronics systems. We believe that the use of bio catalytic nanos-
tructure growth, using dip-pen nanolithography as a patterning method
and biomolecules as templates for nanostructure synthesis, has great
promise in future nanotechnologies. Moreover, we can miniaturize the
urea biosensors and design them as a wearable sensor to benefit the
health sector more effectively.
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