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Abstract 

Considerable interest in the analysis of urea in clinical, environmental and industrial samples has generated diverse 

research activities in the fabrication of urea biosensors over the past decades. These activities have been directed towards 

the use of wide ranging materials, including conducting polymers, non-conducting polymers, redox dyes, redox 

polymers, oxides, clays, zeolite, sol gel, carbon pastes, epoxy activated support and nanomaterials, for the immobilisation 

of urease and its use for the detection of urea. Many of these activities have also employed various modes of transduction, 

including amperometric, potentiometric, conductometric, optical, manometric, thermal and piezoelectric detection, for 

reliable biosensing of urea. This article reviews the various research efforts that have been carried out over the past 

decades on the construction and utilisation of urea biosensors for urea analysis in various samples. 

 

Keywords 
Urease; Urea Biosensors; Clinical Samples; Immobilisation; Transduction. 

 

1. INTRODUCTION 
The interest in the reliable determination of urea 

has increased considerably over the past four 

decades because of the growing awareness of its 

clinical, environmental and industrial signify-

cance. In humans and animals, urea is formed 

exclusively in the liver and it is transported from 

here through the bloodstream to the kidneys 

where it is excreted into the urine [1]. It is the 

predominant final metabolite of nitrogenous 

compounds in mammals, accounting for 80– 90% 

of nitrogen excretion in humans. For this reason 

the monitoring of urea concentrations in human 

blood or urine has become an important 

diagnostic approach for assessing the condition of 

the kidneys and associated health effects. Patients 

who suffer from kidney disorder often experience 

the accumulation of urea in the blood. Normal 

blood urea concentration in human ranges from 

1.3 to 3.5 mM [2-3], but the serum urea 

concentrations in people with high and chronic 

kidney diseases can be up to 12-15 mM and 5–7 

 

 اوره یوحسگزهایها در ب شزفتیبز اصول و پ یمزور

 

2، شبنم شفیعی1، محمدعلی طاهز2، محمدعلی کزیمی2، علیزضا محدثی1*واشزف سلمانی پور  

 بخش شیمی، دانشگاه شهیذ باهنر کرمان، کرمان، ایران .1

 رانی، تهران، ا16361 -3963 ینور، صنذوق پست امیدانشگاه پ ،یمیشگروه . 2

 1333 اسفند 24تاریخ پذیزش:             1333 بهمن 11اریخ دریافت: ت

 

 

A Review on Fundamentals and Progress in Urea Biosensors  
 

Ashraf Salmanipour
*,1

,  Mohammad Ali Karimi
2
, Alireza Mohadesi

2
,  

Mohammad Ali Taher
1
, Shabnam Shafiei

2
 

1. Department of Chemistry, Shahid Bahonar University of Kerman, Kerman, I.R. IRAN 

2. Department of Chemistry, Payame Noor University (PNU), P.O. Box 19395-3697, Tehran, Iran 

Received: 31 January 2015            Accepted: 15 March 2015 

 
 

 چکیده
ًٍو شیٍب آوال یمىذ عالٍق َایساخت ب ٍىیدر سم قاتیاس تحق یاریبس یدر چىذ دٍَ گذضٍت مبىا یي صىعت یطیمح ،یىیمختلف بال یَا ايرٌ در وم دٌ است. ا یًحسگز َا  تیفعال هیايرٌ ًب

ًاد بزا یعیضامل استفادٌ اس گستزٌ يس د صیايرٌ آس ي استفادٌ اس آن در تطخ میآوش تیتثب یاس م ًارد س هیاست. ا ٌايٌر ًب ًاد ضامل م َایاست: پل زیم  یَا روگ ،یَاد زیي غ یَاد یمز
َا،یرديکس، اکس ًل خاک ذ َایصل، خم-َا، سل تیَا، سئ َا ،یکزبى یز کس فعال یبستز ًاد. اوذاسٌ ي واًو یضذٌ اًپ َایب هیايرٌ در سطح چى یزیگ م َا ییًحسگز مختلف  یبا استفاٌد اس مذ

ر ،یسىج حزارت ،یسىج تیَذا ،یآمپزيمتز ،یًمتزیاس جمٍل پتاوس یزیگ اوذاسٌ متز ،یًو ٍ  یقاتیحقت یَا گشارش ضذٌ است. در مقاٍل حاضز کًضص کیشيالکتزیي پ یماًو در چىذ دَ
َایساخت ي کاربزد ب یبز ري زیاخ َایآوال یايٌر بزا یًحسگز ًٍو ش  مختلف مزير ضذٌ است. یَا ايرٌ در وم
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mM, respectively [4-5].  

Regular dialysis treatment may be required once 

or twice a week to reduce blood urea 

concentration and this can take about 3 to 5 hrs. 

The reliable optimisation of the time required to 

reduce blood urea concentration during the 

dialysis process can only be achieved if a suitable 

continuous monitoring method is available [6]. 

Such a method will be beneficial for avoiding 

unnecessary prolongment of the dialysis process 

and, hence minimising associated costs. Apart 

from its clinical significance, other area where the 

reliable determination of urea is of interest 

include the analysis of various environmental, 

industrial, cosmetic, agricultural, and food 

products [7-8]. Various samples, such as milk [9-

11], wine [12], fertilizers [13], coastal waters [14-

16], and soils [17], have been analysed for urea. 

Table 1 summarizes the urea concentration ranges 

found in some of these environmental and 

biological samples.  
 

Table 1. Typical urea concentrations in some clinical 

and environmental samples. 

Sample Concentration 

range (mM) 

Ref. 

Urine Up to 400 [1] 

Blood (normal range) 1.3-3.5 [2,4] 

Blood 

(pathophysiological 

range) 

Up to 100 [3] 

Oceanic waters <5×10-4 [1] 

Milk (normal range) 3-5 [11] 

Estuarine/Coastal 

waters 

1×10-5-2.4×10-2 [13,16] 

 

The development of analytical methods that can 

reliably determine urea at these concentration 

ranges has been the subject of interest for several 

research groups around the world for almost four 

decades [1-18]. In general, the methods that have 

been reported to date can be classified as either 

direct or indirect. Indirect methods are based on 

the use of the enzyme, urease, to quantify urea 

concentrations indirectly from the amount of NH3, 

NH4
+
, CO2, HCO3

-
 or the associated pH change 

generated by the catalytic hydrolysis of urea as 

illustrated by the following reaction [1,16]: 

(   )        
      
→                  ( ) 

On the other hand, direct methods often involve 

the generation of a coloured product from the 

reaction of urea with chemical reagents without 

the need for prior degradation. However this 

category is often expanded to include 

miscellaneous methods that do not involve 

enzymatic degradation or colorimetric measure-

ment, such as manometric, refractive index and 

direct infrared (IR) or ultraviolet (UV) absorbance 

measurements [1,18]. In recent years, most of the 

indirect analytical methods for the determination 

of urea concentrations are based on the use of 

biosensors, which employ the urease-catalysed 

hydrolysis of urea and the detection of one of the 

catalytic products. 

In this paper, we review the considerable research 

activities that have been undertaken in the past 

decades on the fabrication of reliable biosensors 

for the determination of urea concentrations in 

clinical, environmental and industrial samples. 

The review highlights the wide ranging 

approaches that have been employed for the 

fabrication 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. Recent and future trends 

towards the use of nanomaterials, such as 

nanoparticles, nanotubes, nanolayers, nanofibers, 

nanohybrids and nanocomposites, for fabrication 

of more sensitive and robust urea biosensors will 

also be highlighted. 

 

2. BIOSENSING OF UREA VIA UREASE-

CATALYSED HYDROLYSIS OF UREA  

The underlying principle for most urea biosensor 

is based on the detection of a product(s) generated 

from urease-catalysed hydrolysis of urea. As 

illustrated in reaction (1), urease, a nickel-

dependent metalloenzyme, catalyses the hydro-

lysis of urea to ammonia and carbonic acid. Both 

of these products are then further hydrolysed to 

generate ammonium and bicarbonate ions:  

              
                  ( ) 

             
      

               ( ) 

Therefore, the overall hydrolysis reaction of urea 

results a net increase in pH, as illustrated below: 

(   )        
     
→       

      
     ( ) 

It has been reported [19-20] that the rate of 

urease-catalyzed hydrolysis of urea is 10
14

 times 

faster than that of an uncatalyzed reaction. 

Consequently, sufficient quantities of catalytic 

products are generated from this reaction for 

detection by a range of analytical methods. The 

detection of urea by this approach with various 

biosensors based on the use of different 

transduction systems will be highlighted in this 

review. However, it is worth noting at this stage 

that in practice, the free enzyme (urease) is 

usually immobilized on an inert matrix and can be 

used continuously for several analyses over a 

period of time [21]. 

The first urea biosensor was reported in 1969 by 

Guilbault et al. [22]. In that work they used a 

cation selective glass electrode which contained 

an enzyme (urease) layer to obtain a signal for 

urea based on the detection of the ammonium ion 

activity which resulted from the urease-catalyzed 
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hydrolysis. Since then, the use of urease as a 

biocatalyst for the development of urea biosensors 

has attracted considerable interest, and various 

types of urea biosensors have now been reported 

[2-6, 11, 21-165]. 

The general operating scheme of a urea biosensor 

is shown in Fig. 1.  

 

 
Fig. 1. Schematic illustration of the processes 

involved in the determination of urea with a biosensor. 

 

Thus, the fabrication of a urea biosensor involves 

the initial immobilisation of urease onto a suitable 

membrane or support on which the hydrolysis of 

urea to ammonium and bicarbonate ions takes 

place [21]. The enzymatic product(s) is then 

detected by a suitable transducer. In this way, the 

detection of urea is achieved by the measurement 

either of carbon dioxide, ammonia, ammonium, 

carbonate, or bicarbonate. In addition, the 

increase in pH resulting from the catalytic 

products permits pH-based detection for the 

indirect determination of the urea concentration 

[23] (also see Table 2, third column). 

In some cases multi-enzyme systems are 

employed where the resulting catalytic product is 

detected by another enzyme catalysed reaction. 

On such example is a multi enzyme system, 

where the ammonia derived from the urease-

catalysed reaction was determined by reaction 

with α-ketoglutarate, catalysed by L-glutamic 

dehydrogenase as illustrated below [21]: 
 

      ( )     
  

   
→        ( )            ( ) 

 

where KG, GDH and GL, are ketoglutarate, L-

glutamic dehydrogenase, and L-glutamate, 

respectively. In this reaction, NADH or NADPH 

is oxidized and its decrease in concentration is 

detected electrochemically or optically [21,24-

25]. The main benefit of this approach is its 

ability to convert optically and electrochemically 

inactive products of urea hydrolysis to an 

electroactive and optical active compound 

(NADH).  

Table 2 summarises the properties of various urea 

biosensors that have been reported in the literature 

between 1995 and 2013 and these are reviewed in 

more details below, with particular emphasis on 

enzyme immobilisation strategies and the choice 

of modes of transduction. In the following, we 

will more explain the highlighted reports based on 

immobilisition matrix and types of transducers. 

 

3. IMMOBILISATION OF UREAS 

The adequate immobilisation of urease onto or 

into a suitable support is of pivotal importance for 

the successful construction of a usable and 

reliable urea biosensor, as it provides the medium 

for (a) the catalytic hydrolysis of urea, (b) 

detection of the resulting enzymatic product(s) 

and (c) signal generation. To this end the three 

main requirements for the successful 

immobilisation of bioactive substances, as part of 

a strategy for fabrication of biosensors, are [27]: 

(i) adequate retention of the bioactive substance 

on/within support matrix, with little or no lost in 

activity; (ii) ability to achieve the desired catalytic 

reaction after the immobilisation; and (iii) 

achievement of improved selectivity and 

sensitivity for the analyte by the resulting 

biosensor. Consequently, a proper choice of 

adequate matrix or support for the immobilisation 

of urease is a very significant first step in the 

fabrication of urea biosensors. The adequacy of 

the immobilisation of the enzyme governs the 

ultimate reliability and performance of the 

resulting biosensor. The commonly used matrices 

for immobilisation of urease for the construction 

of urea biosensors are discussed below. 

 

3.1. Conductive polymers 

One of the areas which have generated much 

interest in the fabrication of urea biosensors is in 

the use of conducting polymers. These polymers 

provide suitable matrices for immobilisation of 

bioactive substances and can be used to enhance 

stability, speed, sensitivity and, as such, have 

gained increased use in medical diagnostics [26-

29]. A number of immobilisation techniques, such 

as physical adsorption, electrochemical entrap-

ment, crosslinking and covalent attachment based 

on ethyl-dimethylaminopropylcarbodiimide 

(EDC) and N-hydroxy-succinimide (NHS) 

coupling chemistry, have been used to achieve 

improved stability of the desired biomolecules 

within or on conducting polymers [28]. In 

particular, the incorporation of biomolecules into 

electrodeposited conducting polymeric films 

permit the localization of bioactive molecules on 

electrodes of any size or geometry and are very 

ideal for the fabrication of multi-analyte micro-

amperometric biosensors [28-29].  

Electrically conducting polymers are known to 

have considerable flexibility in chemical 
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structures which can be modified as required. By 

chemical modelling and synthesis, it is possible to 

modulate the required electronic and mechanical 

properties of conducting polymers. 

Moreover, the polymer itself can be modified to 

bind protein molecules [26].    
 

Table 2. Characteristies of various urea biosensors. 
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Conductive polymers:           

PPy/PVS V NADH 0.5       21 

PPy C Ions 0.5 0.05-5.8  140 c  25  34 

PPy A NH4
+ 0.1 0.05-0.25  1.02 a <4  Urine, Blood 41 

PPy A NH4
+ 0.1 0.002-0.075 1  <4 14 Blood 43 

PPy A NH4
+ 4 1.7-56  0.001 a <3 3 Blood 44 

Poly(3-aminopyropyl 

pyrrole-co-pyrrole) 

A pH 3 0.16-5.05 20 470 a 0.7 60  45 

PPy -P 

-A 

pH 

 

3 10-100 

0.01-100 

 63 b 

7.6 a 

 

1 

  46 

PPy/Polyacrylamide O pH 0.7 60-1000  0.013 d <2   60 

PPy/Biotinylated 

phospholipid 

C Ions 3 Up to 120 500

0 

    68 

PPy/NaHCO3 P pH 0.2 0.1-300  32 b <3   69 

Functionalized PPy P pH 10 0.14-0.01 140

0 

93 b    70 

PPy/Polyion complex P pH 12 0.3-30  110 b <0.5   71 

PPy/Polyion complex P pH 12 0.01-3  120 b <0.6  serum 72 

PPy/PVS P  55 5-60 160

0 

12 b 1 40  73 

Poly(3-aminopyropyl 

pyrrole-co-pyrrole) 

P pH 3 0.006-0.4  28 b <1 60  74 

PPy P   0.006-0.4  28 b    75 

Poly(pyrrole-

pyridinium)/ Laponite 

C Ions 2 Up to 1.5 10 0.085 c  7  76 

PANI/Nafion A NH4
+ 2 0.05-0.5 5 316 a    4 

PANI/Nafion A NH4
+  0.001-1 0.5 0.76 a <2 21 Urine 23 

PANI/Poly 

(carbamoylsulphonat) 

A NH4
+  Up to 0.1 5 40 a    42 

PANI/Carbon felt P         85 

1- PANI/PVA 

2- PANI/Sol-gel 

P  16 

36 

10-100  

20 

41 b 

45 b 

  Serum, Milk 86 

PANI /Poly(n-butyl 

methacrilate) 

C Ions 2 0.33-2  0.7 c   Serum 87 

Poly(3-cyclohexyl 

thiophen) 

P pH 70 0.001-0.004 40 55 b 0.9 90 Milk 88 

Non-conductive 

polymers: 

          

Poly(carbamoylsulfon

ate) 

/Polyethylenimine 

P NH4
+ 25 0.072-21 20 52 b <2 4 Blood 2 

PVC/Palmitic acid P NH4
+ 24 0.01-10  40-54 b <2 60 Blood 3 

PVC-

COOH/Nonactin 

P NH4
+ 38 0.5-8   <3 60 Human 

serum 

5 

BSA/Glycerol F pH 1 Up to 2  18 b <3  Blood 32 

Nylon nets A NADH  0.01-0.3 10 0.001 a   Human 

Saliva S. 

51 

PVC-Polyurethane O NH4
+ 3 0.1-10  0.03 d <4 3 Serum 54 

PVC/C60 Z NH4
+ 70 0.1-100 0.1 15 g    66 

PVC-

COOH/Nonactin 

P NH4
+ 38 0.1-70  50 b 0.25 49  67 

Chitosan P NH4
+ 15 0.1-10  56 b <2 60 Serum 92 

Polyethylenimine P pH 12 3.1-31.6  7-25 b <0.5   93 

PVC- P NH4
+ 38 1.6-5   0.25  Hemodialysis 95 
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COOH/Nonactin fluids 

PVC-

COOH/Nonactin 

P NH4
+ 38 2-16  39 b 2.4  Hemodialysis 

fluids 
96 

PVC-COOH O pH 15 0.3-100  0.003 d <3 21  97 

PVC-COOH/n-

tridodecylamine 

P pH 15 1-13  40 b 4 30 Urine, 
Cosmetic and 

Pharmaceuti-

cal S. 

98 

PVC/Polyurethane O NH4
+ 30 0.08-2  55 d 0.3   99 

Polyvinylpyrrolidone P NH4
+  0.5-2.5   20   100 

Poly(N-

vinylcarbazol)/Stearic 

acid 

P NH4
+ 0.5 0.5-93 500 10 b 2 35  101 

Poly(N-Vinyl 

pyrrolidone) 

F pH 0.2 0.05-20  38 b <10 40 Serum 102 

PVA-

Styrylpyridinium 

(SbQ) 

F pH 5 0.8-13  132 b <2 99  103 

Nylon nets Z NH3 17 0.01-3  0.33 f 3 28 Serum 104 

Eupergit C C Ions 72 3.5-35    90 Dialysis 

fluids 

123 

PVC-BSA P NH4
+ 8 1-100  30 b <1  Dialysis 

fluids 

124 

Gelatin P pH 25 2.5-23  67 b 2 80 Serum 125 

PVC-

COOH/Nonactin 

P NH4
+ 38 1-15  21 b <2 30 Human 

serum 

126 

PVC/nonactin P NH4
+  0.01-1  59 b 0.2 30  127 

Poly-o-

phenylenediamine 

P  4 0.01-1  15 b  35  135 

PVC P NH4
+ 30 0.02-1  40 b 1.5 60  136 

Clays, Zeolites and 

oxides: 

          

Controlled porous 

glass 

C Ions 17 5-50   5 350 Blood 6 

Clinoptilolite/Silopre

ne 

F NH4
+  0.03-0.5 30 15 b 5   31 

1- [Zn-Al] LDH 

2- Laponite 

F pH 94 0.04-1.37 

0.005-0.5 

3.5 

2 

37 b 

110 b 

<0.2 

<4 

  107 

[Zn-Al] LDH F pH 36 3-100  19 b    109 

[Zn-Al] LDH -P 

-M 

pH 

 

94 0.56-5.6 

3-110 

 21 b 

0.002 

   137 

Al2O3 P NH3 24 0.03-14 10 54 b <4 90 Urine 110 

1- Controlled porous 

glass 

2- Silica gel 

C Ions 37 Up to 150 

Up to 150 

0.5 

0.5 

53 e 

51 e 

5 

5 

310 

310 

Serum 111 

RuO2/graphite P pH 6 1-31  53 b 2  Urine, Serum 112 

RuO2/graphite P pH 6 6-17.5  30 b   Hemodialysis 

fluids 
113 

SiO2/Al2O3 P pH 1 Up to 15  13.3 e    138 

Silicalite/Zeolite Beta C Ions 24 Up to 6  11.6 c 1.3 7  142 

Redox polymers and 

dyes: 

          

Poly(venylferroceniu

m) 

P pH 20 0.05-100 5 13 b    105 

Poly(venylferroceniu

m) 

A pH 20 0.001-0.25 1 2.4 a 1 29  47 

Hematein/Graphite 

powder 

A pH  0.025-0.35  0.199 a <3  Urine 48 

1-Lauryl 

gallate/Graphite 

2-Methylene blue 

-A 

-A 

pH 

pH 

0.3 

0.5 

0.002-0.75 

0.01-0.25 

2 

10 

0.015 a 

0.0001 
a 

<5 

<0.5 

30 

30 

 

 

49 

Polytoluidine Blue A pH 0.2 0-0.8 20 0.98 a <0.5   50 

PB/4-(pyrrolyl)-

benzoic acid 

O pH 48 2-16    60 Hemodialysis 

fluids 
55 
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PB/4-(pyrrolyl)-

benzoic acid 

O pH 48 3-100  0.002 d  60 Urine, 

Cosmetic S. 

56 

PB/4-(pyrrolyl)-

benzoic acid 

O pH 48 0.2-100 100 0.119 d  60  57 

Nickel 

hexacyanoferrate 

A NH4
+ 0.4 0.01-1  314 a 1 45  106 

Poly(glycidyl 

methacrylate-co-

vinylferrocene) 

A pH 75 0.1-4 60 0.0003 
a 

0.05   144 

Sol-gel network:           

Sol-gel (TMOS) C Ions 24 0.2-50 200 8.2 c 4 21 Urine 36 

Sol-gel (TMOS) C Ions 12 0.03-30 30 204 c 8 25 Serum 37 

Sol-gel (TMOS) O pH 5 0.1-100 2.5 0.06 d 10  Serum 58 

Sol-gel (TEOS) O pH 170 3.5-9  0.07 d 5   59 

Sol-gel (APTES) Z pH 2 0.07-5   3   65 

Sol-gel (APMES) C Ions 4 0.01-5   1.5   115 

Nanomaterils:           

PANI nanofiber/ Pt 

nanoflower 

A NH3 8 Up to 20 10 0.116 a 3   81 

PAH/PSS nanofilms O pH 2 0.1-60   8  Dialysate 

samples 

149 

Gold NPs / polyester A  60 0.01-35  0.007 a 0.05 3000 Blood serum, 

Urine 

148 

Nano porous alumina Z Ions  0.0005-3 0.2  0.5 30 Urine 147 

Gold NPs / 

poly(allylamine) 

V Ions 3 Up to 3 2 107 c 3   156 

Fe3O4 NPs P pH 5 0.01-0.3 0.01  1   154 

CNT-PPy M   0.0006-1 0.6  0.5 30  155 

ZnO nanorods A  10 1-20 130 0.4 a 0.05   152 

Rhodium NPs / 

chitosan 

A  50 1.6-8.2 500 3.1 a  10  151 

CNT / silica matrix P  12 0.002-1.07  23 b 0.3 60  150 

NiO NPs C

V 

 27 0.83-16.6  21.3 a 0.1 14 Human 

serum 

161 

TiO2-ZrO2 

nanocomposite 

C

V 

NADH 12 0.8-16.6 440 2.74 k 0.16   159 

Poly 

(glycidylmethacrylat)

-grafted Iron oxide 

NPs 

P  149 0.25-5 50 20 e 0.13 60 Blood, Urine 160 

PANI-CNT A Ions 1 4-10  4 a 0.2 24  157 

Silica NPs A   0.3-4.5  2.05 a    158 

Other matrices and 

approach: 

          

Enzyme is in Solution N CO2     5  Milk 11 

Carbon paste A NADH 3 0.02-0.2 5 500 a  15 Blood 24 

Immobilon-AV 

membrane 

A NADH 3 0.02-0.2 5 50 a 3 15 Fertilizers 25 

Immobilon-AV 

membrane 

P NH4
+  0.5-30  59 b 1 30 Dialysis fluid 117 

Si3N4 F pH 15 0.3-10  66 b 1.2 35 Blood, 

Dialysis fluid 

118 

No report L HCO3
- 20 0.004-0.4 2 7 h <5 5 Urine 119 

Poros 20 EP T Heat 13 1-15 0.5 2.5 j   Bovine 

serum 

120 

Agarose beads T Heat 15 1-25  1.2 i    121 

Agarose beads T Heat 15 0.5-20  2.6 i 0.25   122 

Unreported F pH  0-200      165 

Units are (a) µA mM-1, (b) mV per decade, (c) µS mM-1, (d) Abs. mM-1, (e) mV mM-1, (f) KHz mM-1, (g) Hz per decade, 

(h) I mM-1, (i) C M-1 (j) mJ mM-1 (k) µA [log mM]-1. PB=Prussian blue, PPy=polypyrrole, PANI=polyaniline, 

PVA=polyvinyl alcohol, PVS=polyvinyl sulphonate, PVC=polyvinyl chloride, BSA=Bovine serum albumin, 

CNT=Carbon nanotubes, NPs=nanoparticles. Transducers are: A=Amperometry, P=Potentiometry, O=Optical, 

T=Thermal, F=ISFET, L=Chemiluminesence, Z=Piezoelectric, C=Conductometry, N=Manometry, M=Impedometry, 

V=Voltammetry.  
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Another advantage offered by conducting 

polymers is that the electrochemical synthesis 

allows direct deposition of a polymer on the 

electrode surface, while simultaneously trapping 

the bioactive molecules [26]. It is thus possible to 

control the spatial distribution of the immobilised 

enzymes, the film thickness and modulation of 

enzyme activity by changing the state of the 

polymer. Several conducting polymer-based urea 

biosensors have been fabricated by entrapment of 

urease within electropolymerized polypyrrole 

(PPy) films [21,34,41,43-46,60,68-76], 

polyaniline (PANI) films [4,23,42,85-87] and 

polythiophene films [88]. Some of the significant 

urea biosensors reported in this area are discussed 

below. 
 

3.1.1 Polypyyrole-based urea biosensors 

In one of the earlier work on the use of 

polypyrrole for urea biosensors, Adeloju et al. 

[41] fabricated an amperometric biosensor for 

urea by utilizing an electropolymerized 

conductive PPy-urease film and achieved a linear 

concentration range between 50 and 250 µM. The 

PPy-urease film was prepared from an aqueous 

solution containing pyrrole and urease, without 

the addition of a supporting electrolyte. The pI of 

urease is 4.9 and its molecules are anionic at pH > 

5. Thus, urease can be entrapped easily into 

polycationic matrix of conductive polymers 

during electropolymerization [88-90]. 

Mechanistically, the biosensor functions by the 

interaction of urea with the PPy-urease film and 

the resulting catalytic product(s) causes a change 

in conductivity at the electrode surface. 

Consequently, this interaction results in a shift in 

the overall cell potential to a more positive 

direction which enables the oxidation of the PPy 

and, therefore, results in a current change [41]. 

Adeloju et al. [43] later improved the achievable 

detection limit to ~2 µM by utilization of a pulse-

amperometric technique for detection of urea and 

successfully utilised the biosensor for the 

quantification of urea in blood samples, as 

illustrated in Fig. 2. Komaba et al. [69] reported 

on another urea biosensor, prepared by 

electropolymerization of pyrrole in an aqueous 

solution which contained pyrrole, nucleophilic 

electrolyte and urease [69]. The use of a 

nucleophilic electrolyte as a supporting electrolyte 

resulted in the formation of an electroinactive PPy 

due to its promotion of the overoxidation of PPy 

as it is formed. However, only a small amount of 

urease could be immobilised in the overoxidised 

PPy film by the electropolymerisation process. 

Consequently, the resulting urea potentiometric 

biosensor was only useful for the measurement of 

urea within a linear concentration range of 0.1 – 

300 mM. Komana et al. [91] also reported on the 

use of a composite film of electroinactive PPy 

which contained urease modified with water 

soluble polyanion (polyacrylic acid), as a means 

of increasing the amount of immobilised urease.  

 

 
Fig. 2. Application of PPy-urease biosensor to the 

flow injection amperometric analysis of urea in blood. 

Urea concentrations: (a) 0.01, (b), 0.1,  and (c) 1 mM. 

Responses (d) to (i) are for blood samples. Reproduced 

from [43]. 

 

The sensitivity of this composite electrode 

increased and gave a slope of 53 mV decade
-1

. At 

about the same time, Osaka et al. [71] proposed a 

two-step process for fabricating a composite film 

of electroinactice PPy/polyion complex including 

urease [71]. As a first step, a polyion complex 

(polyacrylate as polyanion and poly-L-iysine 

hydrobromide as polycation) which includes 

urease was pre-coated onto a platinum electrode 

and then followed by the electrodeposition of a 

non-conductive PPy film [71]. This insoluble 

water polyion improved sensitivity of the 

resulting potentiometric biosensor to urea and 

achieved a sensitivity of 110 mV decade
-1

. The 

biosensor was subsequently applied to flow 

injection analysis of urea, enabling faster and 

easier determination of urea [72]. Under 

optimized analytical conditions, 10 µM to 3 mM 

urea could be measured with the biosensor at a 

higher sensitivity of 120 mV decade
-1

. 

Trojanowicz et al. [44] constructed a urea 

biosensor by immobilisation of urease on an 

ammonia sensitive PPy film with the aid of 

glutaraldehyde (GLA) as an immobilisation agent 

[44]. This GLA immobilised urease was used for 

the amperometric biosensing of urea within a 

concentration range of 2-50 mM with a sensitivity 

of 1 nA mM
-1

 and was successfully applied to the 

determination of urea in human blood serum 

samples. 

Ghourchian et al. [34] reported on the use of 

covalent binding for the immobilisation of urease 

on the surface of a platinum electrode coated with 

polypyrrole. In this case two different procedures 
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were employed: (i) chemical binding in an 

albumin-glutaraldehyde film, and (ii) entrapment 

by electropolymerisation of pyrrole. They 

reported that more reproducible conductometric 

responses and a lower detection limit of 49 µM 

were obtained with the urea biosensor produced 

by covalent binding. Also, a linear concentration 

range of 49 µM to 5.8 mM was obtained. 

Gambhir et al. [73] also constructed a 

potentiometric urea biosensor by covalent 

bonding of urease on PPy microspheres and then 

chemically linked them to conducting PPy-

polyvinyl sulfonate films. The use of PPy 

microspheres is known to enhance the loading of 

an enzyme, since the surface area available for its 

immobilisation can be increased many times as 

compared to smooth surfaces. Potentiometric 

measurements on this conducting polymer 

biosensor with the aid of an ammonium ion 

analyzer enabled the determination of urea 

concentrations within a linear concentration range 

of 5 to 60 mM. 

In another work, Hernandez et al. [70] also 

immobilised urease by covalent bonding to amine 

groups on a functionalized PPy film via a 

carbodiimide reaction. The resulting film gave a 

good response to urea, and enabled the 

achievement of a detection limit of 140 µM. The 

main advantage of this urea biosensor was its 

improved stability which is associated with its 

ability to minimise enzyme loss through leaching. 

Rajesh et al. [45,74-75] electrochemically 

prepared a poly(amino propyl pyrrole-co-pyrrole) 

doped with large size dopant anion (para-toluene 

sulfonate) as an immobilisation platform for 

obtaining high enzyme loading at the polymer 

surface. The incorporation of large size dopant 

into PPy film during electropolymerisation makes 

PPy film more porous to the facile immobilisation 

of enzyme. Also, free amine functional groups on 

the polymer were used for covalent bonding with 

urease to improve lifetime stability of the enzyme. 

This film was employed for potentiometric [74-

75] and amperometric [45] determination of urea 

with linear ranges from 6 to 400 µM and 0.16 to 

5.05 mM, respectively. The response time was 40 

s and 80% of the enzyme activity was retained for 

2 months. 

Marcos et al. [60] used acrylamide  to 

photoimmobilized urease on a chemically 

polymerized PPy film and employed the resulting 

film for optical detection of urea. The main 

advantage of this sensor is that no indicator dye or 

pH indicator was needed because PPy itself acts 

as the support and the indicator. However, the 

optical biosensor was not very sensitive and urea 

was only detected within a linear concentration 

range of 0.06 to 1 M of urea. Also, the lifetime of 

the optical biosensor was short, lasting only 1 

week. 

In another study, Senillou et al. [76] coated urease 

onto a laponite clay gel and crosslinked the 

enzyme with glutaraldehyde. The latter coating 

was adsorbed onto an electrochemically generated 

poly(pyrrole–pyridinium) film on an 

interdigitated microelectrode array. This 

microbiosensor achieved a detection limit of 10 

µM and can determine urea concentrations up to 5 

mM. The use of this inorganic-organic composite 

was useful for overcoming the reduction in 

enzyme activity, attributed to the hydrophobic 

nature of PPy as an organic host polymer. 

The conductance and electrostriction of bilayer 

lipid membranes (BLMs) supported on stainless 

steel and on conducting polymer PPy (PPy) were 

investigated by Hianik et al. [68]. A urea mini 

sensor based on BLMs supported on a PPy layer 

was developed. Avidin-biotin technology was 

applied for the immobilisation of urease on BLMs 

and a good sensitivity was achieved with this 

device for the determination of urea. The 

detection limit of the mini biosensor was 

approximately 5 mM urea. This was not as good 

as those achieved for urea biosensor based on PPy 

deposited onto a platinum electrode [44].  

More recently, Jin et al. [46] patterned platinum 

thin-films on nano-prous silicon layers by using 

platinum RF sputtering. Then urease was 

immobilised into PPy electropolymerised on this 

thin film for biosensing of urea. Porous silicon 

layers provide large electrode surface area which 

enhanced the sensitivity of the biosensor. The 

amperometric detection of urea with this 

biosensor was more sensitive and gave a wider 

linear range (0.01 – 100 mM) than by 

potentiometric detection (10-100 mM).  

In another approach, Gambhir et al. [21] co-

immobilised urease and L-glutame dehydrogenase 

(GDH) into an electrochemical synthesised PPy-

polyvinyl sulfonate films by both physical 

adsorption and electrochemical entrapment 

methods. They also carried out detailed 

investigation of influence of pH and investigated 

the behaviour of the films by Fourier transform 

infrared spectroscopy, cyclic voltammetry, and 

scanning electron microscopy. The action of this 

bienzyme system in presence of urea decreased 

the electrochemically detectable NADH 

concentration. 

 

3.1.2 Polyaniline-based urea biosensors 

Another conducting polymer that has attracted 

some interest for the fabrication of urea 

biosensors is polyaniline (PANI). Luo and Do [4] 

and Cho and Huang [23] fabricated amperometric 

urea biosensors by cross-linking urease onto a 
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PANI-Nafion composite electrode. The presence 

of Nafion in the PANI matrix enabled the 

detection of ammonium ions based on the 

doping/undoping NH4
+
 into the polymer matrix. 

The scheme for the sensing mechanism of urea on 

the PANi(urease)-Nafion® composite electrode is 

illustrated in Fig. 3. When urea in the bulk 

solution was transferred to the enzymatic active 

site located in the PANi-Nafion® composite film, 

the ammonium ion generated could be doped into 

the PANi-Nafion® composite film membrane, 

and then the composite film was 

electrochemically reduced from its oxidised state. 

These biosensors achieved excellent detection 

limits of 5 µM [4] and 0.5 µM [23], respectively. 

Also, the shielding effect of the layer of urease 

immobilised in bovine serum albumin (BSA) was 

useful for separation from other ions. 

 

 
Fig. 3. Scheme of the sensing urea on urease/PANi-

Nafon®/Au/ceramic plate composite electrodes [4,23]. 

 

Strehlitz et al. [42] prepared a PANI-modified 

screen printed platinum electrode from aniline 

and sulphuric acid solution and then immobilised 

urease on the electrode in a poly(carbamyl 

sulphonate) hydrogel. The gel was included to 

enable the achievement of a high operational 

stability for the enzyme. Amperometric 

determination of ammonia with this biosensor 

gave a detection limit of 5 µM and a linear 

concentration range of 5 – 100 µM. The 

operational stability was maintained for 500 

consecutive measurements in a FIA-system, 

reaching 50% of the initial activity, as shown in 

Fig. 4. 

In another study, Pandey et al. [86] incorporated 

tetraphenylborate, a known non-specific relatively 

hydrophobic ion exchanger, within a PANI film. 

The resulting polymer was pH-sensitive, retaining 

reproducibility for more than 9 months without 

loss of potentiometric response, while being 

useful in both non-aqueous and aqueous medium. 

The resulting pH sensor was exploited for the 

construction of solid-state urea biosensor by 

immobilising urease within either poly vinyl 

alcohol (PVA) or a sol-gel network PANI 

modified electrode. This urea biosensor gave a 

detection limit of 20 µM and was successfully 

used for the determination of urea in serum and 

milk.  

 

 
Fig. 4. Operation stability of a PANI-urease 

biosensor used in a FIA mode. Measurements were 

based on consecutive injections of 1 mM urea every 

4 min. Reproduced from [42]. 

 

Castillo-Ortega et al. [87] also prepared 

homogeneous electroconductive films of PANI-

poly(n-butyl methacrylate) composites with a 

surfactant (PVME or PVEE) by using a casting 

method. Poly(vinyl methyl ether), PVME, or 

poly(vinyl ethyl ether), PVEE, were used as 

dispersant to improve morphological and 

mechanical properties of PANI composite. The 

composites with PVME were tested as a NH3 

conductometric sensor, and gave good analytical 

performance. Also, urease was immobilized on 

this electroconductive film for biosensing of urea 

and a linear concentration range was between 

0.33 and 2 mM. This detection range was 

adequate for the analysis of urea in serum 

samples. Uchiyama et al. [85] also immobilised 

urease into a PANI matrix which was 

electrodeposited on a carbon felt electrode. 

Urease activity was varied by changing the 

electrode potential of the porous carbon felt 

immobilised urease. It was found that the loss of 

urease activity by oxidation is recovered by both 

chemical and electrochemical reduction.  

Another conducting polymer that has gained 

limited use for fabrication of urea biosensors is 

polythiophene. However, in one study Pandey et 

al. [88] developed a solid state pH sensor by using 

neutral poly(3-cyclihexyl thiophene) deposited on 

a platinum disk electrode [88]. Urease was then 

adsorbed onto this electrode before forming an 

organically modified sol-gel layer over the 

urease-adsorbed polymer modified electrode. A 

detection limit of 40 µM was achieved with the 

resulting biosensor, with a relatively high 

sensitivity of 55 mV decade
-1

. The biosensor was 

found to be stable for 3 months when stored at 4 

°C under dry condition. 

 

3.2. Non conductive polymers 

Many non-conductive organic polymers have also 

been used with various immobilisation methods to 
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construct a range of urea biosensors. In one of 

these studies Magalhaes and Machado [92] 

fabricate potentiometric urea biosensors by 

immobilising urease into chitosan membranes 

coupled to all-solid-state nonactin ammonium ion 

selective electrodes to. They compared the 

response characteristics of the biosensors 

prepared with four different immobilisation 

methods for the incorporation of urease into the 

chitosan membranes: (a) adsorption; (b) 

adsorption followed by reticulation with dilute 

aqueous glutaraldehyde solution; (c) activation 

with glutaraldehyde followed by contact with the 

enzyme solution; and (d) activation with 

glutaraldehyde, contact with the enzyme solution 

and reduction of the Schiff base with sodium 

borohydride. They found that the potentiometric 

urea biosensor prepared by method (b) gave the 

best response characteristics and was able to 

detect urea within a linear concentration range of 

0.1 to 10 mM, with a sensitivity of 56 mV 

decade
-1

, response time of about 1 min and life 

time of 2 months. 

Lakard et al. [93] used a glass-sealed platinum 

electrode coated with a thin polyethylenimine 

film which is sensitive to pH to construct a 

potentiometric pH sensor. They then used this 

electrode as a basis for constructing a 

potentiometric urea biosensor. They also 

compared the use of a number of immobilisation 

methods for the incorporation of urease onto the 

electrode and it was found the immobilisation of 

urease by crosslinking with glutaraldehyde has 

many advantages, compared with those achieved 

with other reagents. The GLA immobilised urease 

biosensor exhibited a short response time of 15-

30s, sigmoidal responses for urea within a linear 

concentration range of 3.1 to 31.6 mM and a life 

time of 4 weeks. 

Karakus et al. [3] also investigated four different 

immobilisation methods for immobilising urease 

onto a PVC ammonium membrane which 

contained palmitic acid and involve using 

nonactin as an ammonium-ionophore [3]. The 

resulting potentiometric urea biosensor gave a 

relatively good analytical characteristics and 

performance with a relatively high sensitivity of 

40 to 54 mV decade
-1

, a dynamic stability over 2 

months with relatively small decrease in 

sensitivity and a response time of 1–2 minutes. 

The potentiometric biosensor was successfully 

used for rapid determination 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. [67,94] constructed potentiometric 

urea biosensors by combining urease with 

ammonium-selective 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 membrane. The biosensor 

was able to determine urea within a linear 

concentration range of 0.3 to 70 mM at a response 

time of <20s and has a dynamic stability of over 2 

months without a decrease in sensitivity [67]. 

This biosensor was subsequently employed in a 

FIA system [5] and achieved a linear 

concentration range of 0.5 to 8 mM with a 

response time of ≤2 mins. 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 include the simplicity 

of the system and low costs of measurements. The 

biosensor was further used [95] 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 to 

5 mM DUN. The urea biosensor/FIA system was 

also successfully used [96] 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 

biomedical parameters are used for describing the 

adequacy of hemodialysis therapy. In another 

study [98], 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, 

cosmetic creams and pharmacutical samples. 

Koncki et al. [97] also used a lipophilic pH 

indicator, 9-(4-diethylamine-2-octadecyloxy-

styryl)-acridine, with plasticised PVC-COOH for 

the preparation of a pH optode membrane. Urease 

was then covalently linked to the surface of the 

pH optode membrane to form a urea optical 

biosensor. The resulting biosensor was used for 

rapid determination of urea within a linear 

concentration range of 0.3 to 100 mM. 

Kovacs et al. [99] also developed a planar wave-

guide type optical urea sensor based on the 

detection of the ammonium ions liberated during 
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the catalytic reaction with an ion selective optode 

membrane which contained nonactin as ion 

selective ionophore and ETH 5294 

chromoionophore 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 2 mM, as well as a fast 

response time which enabled the analysis of about 

30 samples per hour. 

The electrospinning of a urease solution with 

polyvinylpyrrolidone (PVP) was used to develop 

a urea biosensor by Sawicka et al. [100]. The 

resulting material was tested for the detection of 

urea. In the process of electrospinning, as shown 

in Fig. 5, a mixture of polymer and enzyme 

solutions are injected from a small nozzle under 

the influence of an electric field as high as 30 kV. 

The build up of electrostatic charges on the 

surface of a liquid droplet induces the formation 

of a jet. The jet is subsequently stretched to form 

a continuous fibre. Before it reaches the 

concurrently charged collecting screen the solvent 

evaporates or solidifies. The fibers are collected 

on a conductor surface and form non-woven mats 

that are characterized by high surface areas and 

relatively small pore sizes. This improves the 

adsorption properties and enhances the sensitivity 

of the biosensor. Urease-PVP nanofibers prepared 

by this approach achieved a linear concentration 

range of 0.5 to 2.5 mM, and a response time 

between 10 and 30 s. 

 

 
Fig. 5. Electrospining setup used for urease 

immobilization. Reproduced from [100]. 

 

In another interesting study, urease was 

immobilised in mixed monolayers of poly(N-

vinyl carbazole) and stearic acid formed at an 

air/water interface [101]. The monolayers were 

transferred onto indium-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 biosensor gave a linear 

concentration range of 0.5 to 93 mM and the 

shelf-life was up to 5 weeks at 4 °C. 

Rebriiev and Starodub [102] developed a simple 

and rapid method for the immobilisation of urease 

on a ISFET gate surface based on the use of liquid 

photopolymerisable composite (LPhPC) as a 

target material. The use of a LPhPC enable the 

achievement of selective membranes for 

biosensors at a room temperature, with regulated 

physio-chemical properties of the resulting 

polymer and without application of a destructive 

temperature and chemical factors. N-vinyl 

pyrrolidone was used as a principal component of 

the LPhPC and was applied for immobilisation of 

urease [102]. The potentiometric biosensor gave a 

linear concentration range of 0.05 to 20 mM, a 

sensitivity of 38 mV decade
-1

 and was stable for 

about 40 days. 

Eggenstein et al.[2] 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. A layer of urease was then cast onto 

the ion-sensitive membrane to enable the 

detection of urea. Poly(carbamoylsulfonate) 

hydrogel, produced from hydrophilic 

polyurethane pre-polymer blocked with bisulfite, 

served as the immobilisation material. 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 detection limit of 20 µM and a linear 

concentration range of 72 µM  to 21 mM. Fig. 6 

shows the schematic of a disposable urea 

biosensor based on this construction design. 
 

 
Fig. 6. Schematic diagram of a disposable urea 

potentiometric biosensor which consists of disposable 

measuring and reference electrode. Reproduced from 

[2].  
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Pan et al. [103] also used SiO2 thin films on an 

ITO-FET to fabricate pH sensors. Photo-

crosslinkable PVA bearing styrylpyridinium 

groups was then used to immobilise urease on the 

electrode. The resulting biosensor was stable for 

longer than 99 days and a linear concentration 

range of 0.8 to 13 mM was achieved for urea 

determination. 

Boubriak et al. [32] constructed a urea biosensor 

by immobilisation 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 8 mV mM
-1 

with a linear 

concentration range from 0 to 2 mM.  

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. [104] 

constructed a urea biosensor with a series 

piezoelectric crystal (SPC) device. This involves 

covalent immobilisation of urease layer on nylon 

nets or by fixing jack bean tissue slices on the 

probe surfaces of the SPC ammonia sensor. The 

urease sensor exhibits favourable frequency 

response to 0.01 to 3 mM urea with a response 

time of about 3 minutes. 

 

3.3. Redox dyes and redox polymers 

Another area that has attracted some interest for 

the fabrication of amperometric urea biosensors is 

the use of pH sensitive redox-active dyes [48-50]. 

Generally, these pH sensitive redox sensors rely 

on the influence of a pH change on formal redox 

potential of the redox dyes. Usually, the redox 

potential of the dye is shifted to more negative 

potentials with increase in pH and consequently 

this is accompanied by a detectable current 

change in an amperometric transducer when the 

working electrode is polarized at a constant 

potential. It follows therefore that when employed 

in urea biosensors, the addition of urea in the 

presence of urease results in a local pH-change on 

the electrode surface which is detected by the pH 

sensitive redox dyes. Pizzariello et al. [48] have 

used redox dyes, such as hematein [48], lauryl 

gallate [48] and methylene blue [49] for 

fabrication of amperometric urea biosensor based 

on this mechanism. The resulting biosensors 

exhibited linear concentration ranges from 0.025 

to 0.35 mM, 0.002 to 0.75 mM, and 0.01 to 0.25 

mM, respectively. Although the best linear 

concentration range and detection limit was 

obtained with lauryl gallate, it was found that the 

use of methylene blue gave the shortest response 

time (<30s). Also, like monomeric form of redox 

dyes, electrochemical properties of polyredox 

dyes is also strongly affected by the pH of the 

environment [50]. Furthermore, the 

electropolymerization of the redox dyes is a 

simple procedure for the preparation of stable 

layers on an electrode surface, as well as for 

immobilisation of urease into the growing 

polymeric network. Based on this principle, 

Vostiar et al. [50] prepared a polytoluidine blue 

(PTOB)-urease film by electropolymerisation and 

applied to the amperometric determination of 

urea, based on the above mechanism. A linear 

concentration range was achieved with the 

biosensor from 0.02 to 0.8 mM, with a detection 

limit of 0.02 mM and a response time of 20-30 s. 

Koncki et al. [55-57] also prepared pH-sensitive 

membranes composed of Prussian blue (PB) 

doped with N-substituted polypyrroles for 

construction of an optical urea biosensor. The 

optical pH sensitivity of the film was associated 

with pH-dependent equilibria between fully 

isocyano hexacoordinated and partially hydrated 

high-spin Fe(III) ions in PB. These pH-dependent 

processes can be optically monitored at a 

wavelength of 720 nm, i.e., at the absorption 

maximum of PB. The organic polymer plays a 

double role in the composite material. It is a 

binding agent for inorganic compounds resulting 

in a high mechanical stability of the film. 

Moreover, the carboxylic groups of the organic 

component allow chemical binding of 

biomolecules to the film surface using a simple 

one-step carbodiimide method. Fig. 7 shows the 

FIA arrangement used with the optical biosensor 

for the determination of urea. The flow-through 

cell design that was adopted is fully compatible 

with conventional spectrophotometers. The 

optical biosensor achieved a detection limit of 0.1 

mM and a linear concentration range of 0.2 to 100 

mM [57]. They also applied the optical biosensor 

to the analysis of samples with a low buffering 

capacity, such as urine samples and saline extracts 

from pharmaceutical and cosmetic ointments 

containing urea [56] and also for on-line 

monitoring and control of hemodialysis therapy 

[55]. 

 

 
 

Fig. 7.  Scheme of FIA manifold with a optical urea 

biosensor as detector: dialysate fluid (D), phosphate 

buffer (B), peristaltic pump (PP), injection valve (IV) 

for post-dialysate sample (PS), spectrophotometer (S) 

with flow-through cell (FTC; details in the inset) data 

storage/processing personal computer (PC) and waste 

(W) [55-57]. 



 

 

 A. Salmanipour et al. / Iranian Journal of Analytical Chemistry 3 (2016) 1-26 | 13 

Fig. 8 shows the response obtained for urea in 

post-dialysate samples with the optical biosensor. 

In particular, the pH-enzyme optode-FIA system 

was useful for the selective determination of post-

dialysate urea in the concentration range (2-16 

mM) which corresponds to its level in clinical 

samples. This biosensor/FIA system enabled the 

analysis of about 15 samples of spent dialysate 

per hour and the operational and storage stabilities 

were longer than 2 weeks and 2 months, 

respectively. 

 

 
Fig. 8. Urea post-dialysate determinations made with 

a FIA-biosensor arrangement during a hemodialysis 

session. The standard dialysate fluid was used. (A) is 

for calibration with standards, and (B) is for post-

dialysate sample measurements. Each urea standard and 

each sample of post-dialysate fluid were injected twice. 

Reproduced from [55]. 

 
Pizzariello et al. [48] also developed an 

amperometric urea biosensor by immobilising 

urease into a redox polymer matrix, 

poly(vinylferrocenium) (PVF
+
), which has ion 

exchange properties. The enzyme urease (E) is 

negatively charged at a pH value above its 

isoelectric point and therefore, can be 

immobilised into the polymer matrix via anion 

exchange as illustrated by the following equation: 

        
                

           (6) 

During urea hydrolysis, urease immobilised in the 

PVF
+
 matrix produced a local pH change which 

significantly influences the formal redox potential 

of the PVF
+
ClO4

−
 redox polymer film. 

Consequently, at a suitable constant potential, the 

pH change of the system is accompanied by a 

detectable current change. The advantage of this 

biosensor sensor includes ease of preparation, 

long-term stability and reasonably fast response 

time (60 s). Also the biosensor achieved a 

detection limit of 1 µM and a linear concentration 

range of 1 to 250 µM. A potentiometric version of 

the biosensor was also reported, but with a higher 

detection limit of 5 µM and a wider linear range 

(0.05 to 100 mM) [105]. 

Milardovic et al. [106] also constructed a 

biosensor for urea based on the ion exchange 

ability of the mixed valence complex 

hexacyanoferrate anion, which is able to exchange 

univalent and divalent cations in crystal 

lattice/aqueous solutions. Depending on the iron 

oxidation state in the complex anion 

(NiFe(CN)6]2, the cations can enter or exit the 

crystal lattice in order to keep the surface layer 

electroneutral. This approach was used to develop 

an amperometric urea biosensor based on the 

electrocrystalization of nickel hexacyanoferrate 

and the subsequent immobilization of urease into 

this film. Consequently, the resulting ammonium 

ions from the biocatalytic reaction was exchanged 

on the transducer surface, as illustrated in 

equation 7, to produce a reduction current which 

is proportional to the ammonium ion 

concentration and, hence, to urea concentration: 
          (  ) 

(    )
 

  

(        )  
   

 

(        )
 

 
             (  ) ]

(    )
    ( ) 

 

3.4. Oxides, clays and zeolites 

The use of inorganic materials such as oxides, 

clays and zeolites materials for enzyme 

immobilization and fabrication of biosensors has 

also been the subject of considerable research 

efforts [107]. In particular, clays are attractive 

materials for electrode functionalization of 

transducer surfaces because of their thermal 

stability, chemical inertness, well-defined layered 

structure, ion-exchange properties, and low cost. 

Swelling cationic clays, known as smectite clays, 

have been used for the fabrication of modified 

electrodes, particularly enzyme electrodes [108]. 

However, biomolecules often carry an overall 

negative charge, which limits their attraction by 

positively charged layers of these cationic clays. 

On the other hand, layered double hydroxides 

(LDH) can be synthesized as anionic clays, but 

apparently transport in this anionic LDH mirrors 

that of native cationic clays [108]. For this reason, 

these clays have an unusual anionic-charge 

property which can interact with anionic 

biomolecules [107,109]. Melo et al. [107] have 

used an anionic clay coating for the first time to 

develop sensitive urease based-FETs (ENFETs) 

for urea detection. A comparative study between 
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the properties of two different urea biosensors 

based on the immobilization of urease in two 

oppositely charged inorganic clay matrix 

(Laponite as a cationic clay and a LDH, 

Zn3Al(OH)8Cl2.H2O, as an anionic clay) 

demonstrated that ENFET based on LDH gave 

better properties, such as thermal stability (up to 

45 °C versus 35 °C), storage stability (50 versus 

15 days) and response time (5-10 s versus 1.5 min 

versus)  than with laponite. While the main 

advantage of using laponite was its sensitivity, the 

good properties of LDH were due to electrostatic 

interactions between positively charged LDH and 

negatively charged urease. More recently, 

Nanohybrid of LDH and urease has been prepared 

for the first time by co-precipitation of enzyme 

and inorganic matrix [109]. The co-precipitation 

of LDH layers at constant pH between 7.0 and 8.0 

prevents any deactivation of urease. This 

procedure decreased the immobilisation steps and 

preparation time than in an early work [107]. A 

linear concentration range of 0.1 to 12 mM was 

obtained for urea determination with this 

biosensor in the presence of tetraborate as urease 

inhibitor. Fig. 9 shows a model of the hybrid 

materials structure in which non-exfoliated and 

exfoliated layers co-existed in interactions with 

urease and, thus, compensating charge anions. 

 

 
Fig. 9. Conceptual illustration of urease/LDH 
biomembrane used as part of an ENFET for urea 

determination [107, 109]. 
 

Vadgama and Crump [31] also prepared a 

potentiometric urea biosensor by covalent 

bonding of urease directly to the surface of an 

ammonium-FET. The NH4
+
-sensitive membrane 

is based on a zeolite-incorporated polymeric 

membrane (clinoptilolite). The grafting of urease 

onto the NH4
+
-sensitive membrane was performed 

by cross-linking with glutaraldehyde. The 

resulting urea ENFET achieved a relatively low 

sensitivity of 15 mV decade
-1

, a detection limit of 

30 µM and remained stable over 15 days. 

Liu et al. [110] used the direct immobilisation of 

urease on Al2O3 substrate to develop a 

potentiometric biosensor for urea. The large 

specific surface area and porous structure of the 

A12O3 particles resulted in high enzyme loading 

and achieved high sensitivity of 54 mV decade
-1

 

for the biosensor. Also, the urease entrapped in 

this matrix was very stable due to the interactions 

of hydrogen bonding between Al2O3 and amine 

and carboxylic groups on the enzyme and a 

storage stability of up to 90 days was achieved. 

More recently, Limbut et al. [111] immobilised 

urease on three different SiO2-based matrices, 

including controlled pore glass (CPG), Poraver® 

and silica gel. The steps employed for the 

covalent bonding of urease to these silica based 

matrices are illustrated in Fig. 10.  
 

 
Fig. 10. Scheme for immobilisation of enzyme by 

covalent bonding on silica based matrices; (A) 

Silanization of the surface of support materials, (B) 

Primary amino acid groups (R–NH2) of support are 

activated by glutaraldehyde (C5H8O2) to give a 

carbonyl derivative by formation of a Schiff’s base, (C) 

The formation of a Schiff’s base linkage between 

carbonyl groups of the activated support and free amino 

groups on the protein [96]. 

 

These modified matrices were used in an enzyme 

column reactor coupled with a conductivity meter 

for conductometric detection of urea. The three 

enzyme reactors prepared with the different SiO2-

based matrices gave good responses for urea with 

linear concentration ranges between 5 and 45 

mM. However, it was observed that the sensitivity 

of the enzyme reactor column prepared with 

Poraver® was 9.8 times less than for CPG and 9.2 

times less than for silica gel. This may be due to 

the lower percentage of SiO2 group in Poraver® 

(67%) which was 30% less than CPG (>97%) and 

32% less than silica gel (>99%). The SiO2 is 

important for the linkage between support and 

enzyme. Less SiO2 means less immobilized 

enzyme and, thus, smaller response. Also, the 

surface area may be another factor. Both the 

particle size and pore size of Poraver® are much 

larger than those of CPG and silica gel. Therefore, 

for the same reactor volume the reactor prepared 

with Poraver® has much less surface area and 

hence less retention of the enzyme, Shu et al. [6] 

has also reported on the use of immobilised 

urease on CPG for the analysis of urea in blood. A 
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linear concentration range of 5 to 50 mM was 

achieved and the biosensor was operationally 

stable for 140 hours.  

Tymecki et al. [112] has recently prepared a 

screen-printed metal-oxide based pH-electrode 

and found that urease/graphite paste doped with 

RuO2 was still screen printable. Furthermore, 

thick-films fabricated using such biocomposite 

pastes were still pH-sensitive (with Nernstian 

slope of about 53 mV per pH), while still 

retaining the biocatalytic properties of the 

immobilised enzyme. Consequently, they 

developed system of planar electrodes which 

included the working and reference electrodes for 

use as a disposable device for drop-on 

measurements as well as for FIA-detection for 

multiple determination of blood urea nitrogen 

(BUN). The screen-printed biosensor achieved a 

linear concentration range of 1 to 31 mM and has 

a long operational lifetime (after 6 h of 

continuous measurements ≤10 % decay of initial 

sensitivity was observed). The device was 

successfully applied as BUN biosensor and 

detection element of hemodialysis monitor [113]. 

 

3.5. Sol-gel networks 

Another interesting development which has 

impacted on the fabrication of urea biosensor is 

the use of sol–gel chemistry for construction of 

chemical sensors and biosensors. Sol–gel 

technology provides an attractive approach for the 

immobilisation of heat-sensitive bioactive 

substances, such as enzymes, proteins, and 

antibodies, due to the inherently low temperature 

of the associated process. The class of sol–gel 

silicate matrix used in this process permits 

chemical inertness, physical rigidity, negligible 

swelling in aqueous solution, tunable porosity, 

high photochemical and thermal stability, and 

optical transparency [106,114]. These attractive 

features have led to an intense research in this 

area mainly based on optical and electrochemical 

detection methods. 

Lee et al. [37] developed conductometric urea 

biosensors based on sol-gel immobilisation of 

urease with the use of tetramethoxysilane 

(TMOS) as a sol-gel precursor. They also 

constructed a conductometric biosensor with a 

sol-gel immobilised urease on two different 

substrates: (a) on a gold interdigitated array (IDA) 

electrode constructed using standard 

photolithographic technology [36], and (b) on a 

platinum IDA electrode constructed by screen 

printed technology [37]. The use of the thick-film 

IDA electrodes were found to be excellent 

conductometric transducers in which the 

admittance signals were dominated by the 

conductance signals. The linear concentration 

ranges achieved with the two different substrates 

were 0.2 to 50 mM and 0.03 to 30 mM, 

respectively, and the electrodes enabled the 

determination of urea in serum and urine. 

Sheppard et al. [115] also prepared SiO2 network 

on a platinum IDA electrode with 3-

aminopropyltrimethoxysilane (APTMS) as 

precursor. Free amine functional groups on the 

sol-gel network were employed for covalent 

attachment of urease. The resulting biosensor 

enabled conductometric determination of urea 

within a concentration range of 0.01 to 5 mM. 

Agnieszka et al. [116] studied the influence of 

urease as an organic dopant on sol-gel optical 

properties in visible range and constructed a urea 

optode by entrapment of bromothymol blue as an 

optical pH indicator with urease in the sol-gel 

network [59]. The change of pH in the presence 

of urea causes the color change in bromothymol 

blue that can be detected spectrophotometrically. 

This optode was useful for the determination of 

urea within 3.5 to 9 mM. 

Tsai and Doong. [58] used TMOS as a sol-gel 

precursor for entrapment of enzymes and their 

immobilisation on a glass micro array. The 

resulting array-based biosensor enabled 

simultaneous determination of urea and 

acetylcholine based on the detection of the 

increased pH caused by urea-urease system or of 

the pH reduction caused by acetylcholine-

acetylcholinesterase and their effect on the 

fluorescent intensity of FITC-dextran as a 

fluorescent agent. A detection limit of 2.5 µM 

was achieved and the linear concentration range 

was 0.1 to 10 mM. Also heavy metals were 

detected with this array biosensor based on the 

inhibitory effects on urease. 

Kondoh et al. [65] also immobilised urease on a 

surface acoustic wave device via a sol-gel layer. 

Sol-gel layer synthesized by using APTMS which 

contains amine functional groups can combine 

with glutaraldehyde to form a Schiff base for 

attachment to urease. A linear concentration range 

of 0.07 to 5 mM of urea was achieved with the 

biosensor. 

 

3.6. Nanomaterials 

In recent years, nanomaterials such as metal 

nanoparticles, carbon nanotubes, conductive nano 

polymers and other nanomaterials have applied as 

new matrixes for immobilization of urease in the 

various surfaces/transducers [81, 147-152, 154-

161]. Significant advances have been made in 

synthetic methodologies such that it is now 

possible to prepare a variety of nanomaterials 

with highly controllable size, shape, surface 

charge and physicochemical characteristics. Two 

major advantages of nanomaterials are their 
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potential to be utilized as non-invasive diagnostic 

tools and the capacity for combining multiple 

modalities within a single probe. This enables far 

higher sensitivities to be achieved, which leads to 

further clarity and deeper insights into in vivo 

processes. Also, given their sensitivity, flexibility 

and miniaturization, these sensors may serve as a 

new paradigm for clinical and field-deployable 

analytical instruments.  

Sevik et al. [160] reported a novel urea biosensor 

based on immobilizing urease on the surface of 

Fe3O4 nanoparticle modified Au electrode. The 

developed biosensor shows a rapid response, a 

wide linear range, and a high sensitivity of urea 

detection.  

Srivastava et al. [159] demonstrated the 

fabrication of a highly sensitive mediator-free 

microfluidics sensor comprising of PDMS 

microchannels, patterned electrodes for the rapid 

detection of urea. urease and GLDH have been 

successfully co-immobilized onto TiO2–ZrO2 

nanocomposite microelectrodes surface. This 

mediator-free microfluidics sensor offers 

improved sensitivity, detection limit and fast 

response time. This is attributed to the good 

electrocatalytic behavior of the nanocomposite as 

well as smaller geometry of the sensor.  

A novel amperometric biosensor for the detection 

of urea was prepared by immobilizing urease on a 

modified electrode of nanocomposite 

film/platinum substrate [157]. The nanocomposite 

film was obtained by electrochemical co-

polymerization of the corresponding monomers in 

the presence of functionalized carbon nanotubes 

and different additives. The immobilized urease 

on the nanocomposite film surface exhibited an 

excellent electrocatalytic response toward the 

reduction of urea.  

Nouira et al. [156] presented that the use of urease 

functionalized gold nanoparticles allows the 

amplification of the conductivity variation during 

enzymatic urea hydrolysis and to enlarge the 

domain of detected concentrations. This 

phenomenon can be due to the decrease of the 

probed thickness with the addition of gold 

nanoparticles. 

A novel potentiometric urea biosensor has been 

fabricated with urease immobilized multi-walled 

carbon nanotubes embedded in silica matrix 

deposited on the surface of indium tin oxide [150] 

coated glass plate. The synergistic effect of silica 

matrix, MWCNTs and their biocompatibility with 

urease made the biosensor to have the excellent 

electro catalytic activity and high stability. The 

resulting biosensor exhibits a good response 

performance to urea detection with a wide linear 

range. 

 

3.7. Other matrices and approaches 

Various other matrices have used for construction 

of urea biosensors, such as carbon paste [4], 

fullerene C60, anion exchange resin, soybean 

tissue, agarose bead and epoxy activated support. 

Seo et al. [24] developed an enzyme-modified 

carbon paste electrode by incorporating urease 

and GDH into carbon paste for amperometric urea 

determination. Urea determination is based on 

oxidation current of NADH monitored at 1.1 volt 

vs. Ag/AgCl. A detection limit of 0.005 mM and 

a linear concentration range of 0.02 to 0.2 mM 

was achieved with the biosensor. Also in the same 

approach, they [25] immobilized these two 

enzymes onto a commercial membrane 

(immobilon-AV affinity membrane) and placed it 

on the glassy carbon electrode. This biosensor 

enabled amperometric determination of urea 

within a linear concentration range of 0.02 to 0.2 

mM.  

Cunningham [117] attached urease covalently on 

a commercial membrane and then used ultrasonic 

welding to reliably attach immobilised urease 

membrane over an ammonium ion selective 

electrode for construction of a potentiometric 

biosensor for detection of urea in peritoneal 

dialysis fluids. The sensitivity of the biosensor to 

urea in the stopped-flow system was very low at 

2.5 mV sec
-1

 per decade in the concentration 

range from 0.5 mM to 15 mM urea. 

Wei and Shih [66] developed a piezoelectric 

biosensor for urea by coating an immobilised 

C60/urease enzyme/PVC membrane on 

piezoelectric crystals [66]. Fullerene C60 was 

used as the coating material to adsorb and detect 

NH4
+
 generated by the catalytic reaction. The 

resulting piezoelectric urea sensor exhibited a 

linear concentration range from 0.1 to 100 mM 

and demonstrated a good selectivity in presence 

of some common compounds in biological 

systems. 

Pijanowska et al. [118] used glutaraldehyde and 

the Schiff base formation to directly attach urease 

on transducer surface as a basis for fabrication of 

a urea biosensor based on an enzyme-modified 

pH-sensitive Si3N4 gate ISFET. The biosensor 

exhibited a linear concentration range from 0.3 to 

10 mM. 

Qin et al. [119] developed a novel plant tissue-

based chemiluminescence (CL) biosensor for the 

detection of urea. The analytical reagents 
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involved in the CL reaction, including luminol 

and permanganate, were both immobilised on 

anion exchange resin columns, while soybean 

tissue was packed in a mini-glass column. The 

urease in the plant tissue column catalysed the 

hydrolysis of urea to NH4
+
 and HCO3

-
. The anion 

produced released luminol from the luminol-

immobilised anion-exchange column, which then 

reacted with permanganate eluted with sodium 

hydroxide from the permaganate immobilised 

anion-exchange column, thus producing a CL 

signal. The CL biosensor achieved a detection 

limit was 2 µM and a linear concentration range 

of  4–400 µM;. 

Bjarnason et al. [120] immobilised urease onto a 

commercial epoxy activated support (Poros 20 

EP). The resulting biomaterial was used in an 

enzyme reactor and the heat produced from the 

hydrolysis of urea by urease was measured with a 

thermocouple located close to the enzyme reactor. 

The thermal biosensor achieved a linear 

concentration range of 0.5 to15 mM, with a 

detection limit of 0.5 mM. Up to 60 samples per 

hour were analysed with the thermal biosensor. 

Xie et al. [121-122] also developed an integrated 

thermal biosensor arrays for the simultaneous 

determination of glucose, penicillin and urea. The 

enzymes were immobilized on NHS-activated 

agarose beads which were then sequentially 

packed into distinct regions of the microchannel. 

Each of the regions contained one immobilized 

enzyme matrix and a pair of thermistors for 

differential measurement of temperature changes 

in association with the enzyme reaction. The 

thermal biosensor arrays achieved linear 

concentration ranges of 1 to 25 mM [121] and 0.5 

to 20 mM [122] for urea. 

 

4. CHOICE TRUNSDUCERS FOR UREA 

BIOSENSORS 

In addition to the choice of a suitable enzyme or 

other bioactive substance and immobilisation 

method, a critical consideration for achieving 

adequate detection of urea with a biosensor is the 

appropriate choice of a suitable mode of 

transduction of the analytical signal. The 

transducer is needed to convert the biochemical 

signal associated with the enzyme-catalyzed 

reaction to an electronic signal. Depending on the 

nature of the biochemical reaction involved, one 

or more mode of transduction may be applicable 

to a sensor assembly [26-29]. The range of 

transducers that have been used for fabrication of 

urea biosensors include potentiometric, 

amperometric, conductometric, optical, thermal, 

manometric and piezoelectric transducers (see 

Table 2, third column). Some of these modes of 

transduction were referred to in the discussion in 

section 3, but the merits and problems associated 

with each of these modes of transduction were not 

discussed and are thus covered briefly below. 

 

4.1. Potentiometric Detection 

One of the most attractive modes of detection of 

urea commonly used in many of the reported urea 

biosensors is based on the potentiometric 

detection of ammonium ion, ammonia gas, carbon 

dioxide or pH changed generated by the 

enzymatic hydrolysis of urea. Notably, the 

requireded devices for this mode of transduction 

are simple to construct and are readily available 

[30].  

As the biocatalytic reaction of urease primarily 

results 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-catalysed reaction may be 

suppressed when a high buffer concentration is 

employed and can lead to a narrow dynamic range 

and in some case loss in sensor sensitivity [3,31]. 

The other common potentiometric transducer 

which is used to detect ammonium ions generated 

from the enzymatic hydrolysis of urea and also 

based on monitoring potential change is an ion-

selective electrode. However, the performance of 

this NH4
+
-sensitive electrode can be affected by 

interference from Na  
+
 ions, which are 

commonly present in samples, such as serum (4.5 

Nevertheless, it is possible to incorporate an 

additional membrane barrier to improve the 

performance of some ion-selective electrodes. For 

example, it has been found that the coverage of an 

NH4
+
 electrode with ion-exchange membrane 

which contained quaternary ammonium ions is 

useful for rejecting interfering K
+
 ions in solution 

and for avoiding errors associated with changes in 

background NH4
+
 ions [33]. 

For gaseous substances, such as CO2 and NH3, 

gas potentiometric sensors are often used, but 

their response is largely independent of sample 

matrix effects. This means that any background 

variation in the detected gaseous species requires 

compensation. Thus, this approach often requires 

the addition of a gas-selective membrane to 

provide a further diffusion barrier that reduces 

sensitivity and extends response time [33].  

 

4.2. Conductometric Detection 

Transduction based on conductometric 

measurement is also useful for biosensing of urea, 

based on its ability to detect the change in 

solution resistance (reciprocal of conductance) 
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during enzymatic reaction. These sensors are also 

simple to construct, suitable for miniaturization 

and mass production. In addition, conductometric 

sensors do not require the use of a reference 

electrode and are unaffected by colour or turbidity 

[34], but can suffer from lack of specificity. 

Substances that can contribute to the conductivity 

of a solution can influence the reliability of its 

use. 

In an early research on conductometric enzyme 

assay, Lawrence and Moores [35] described five 

categories of enzymes that, separately or in 

combination, allow the application of 

conductometric methods to enzymatic reactions. 

These enzymes were: (a) amidases for generation 

of ionic groups, (b) dehydrogenases and 

decarboxylases for resulting in separation of 

unlike charges, (c) estrases for protein migration, 

(d) kinases for changing the degrees of 

association of ions, and (e) phosphatases and 

sulfatases for causing in change in size of charge–

carrying groups. Among these, the urease-

catalysis hydrolysis of urea is ideally suited to 

conductometric mode of detection. The three ions 

(NH4
+
, HCO3

-
 and OH

-
) produced from a single 

uncharged urea molecule can contribute to a 

significant increase in ionic strength. It has been 

reported that good S/N can be achieved if the 

initial ionic strength (buffer concentration) of the 

assay medium is low [34]. Lee et al. [36,37] have 

used sol-gel immobilised urease on planar 

interdigitated electrode arrays for fabrication of 

urea conductometric biosensors [36-37]. 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. 

 

4.3. Amperometric Detection 

The most widely used mode of transduction with 

most biosensors is by amperometric detection. 

This mode of detection involves the measurement 

of resulting cathodic or anodic current following 

the application of a fixed potential to the 

biosensor. The detection can be based on either 

the oxidation or reduction of products or reactants 

of the enzymatic reaction [39]. Despite its better 

sensitivity and lower detection limit compared 

with those obtained by potentiometric methods 

[23,40], it can suffer from some limitations. In 

some cases, the conventional immobilisation of 

urease in or onto non-conducting membranes may 

make it difficult to observe the current change 

which results from the biocatalytic reaction [41]. 

In addition, the products of the enzymatic 

hydrolysis of urea are not good electroactive 

compounds. So often for urea amperometric 

biosensor, the use of conducting polymers 

[4,23,41-46], redox polymers [47] and redox dyes 

[48-50] are  considered as a means of overcoming 

this limitation (Table 2, second and third column). 

In these cases, the products of urease-catalysed 

hydrolysis of urea cause changes in the redox 

properties of these matrices and, hence, result in a 

change in the current response. On the other hand, 

the inclusion of an additional enzyme or co-

factor, such as glutamate dehydrogenase or 

NAD(H) are employed to generate amperometric 

responses from electroinactive product(s) [21,24-

25,51]. 

 

4.4. Optical Detection 

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 involve 

immobilisation of urease onto different matrices, 

such as PVC [52-54], N-substituted polypyrrole 

[55-57] or sol-gel [58-59], together with a pH 

indicator or an ammonia-specific 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. For this reason, a second reaction 

or an indicator dye is often used to achieve 

adequate detection. An exceptional example of an 

optical urea biosensor which does not require 

such reaction or the addition of dye has been 

reported by de Marcos et al. [60] and it is based 

on the use of a conductive polymer (polypyrrole) 

and has been successfully used for urea 

determination in biological samples. The main 

advantage of this conducting polymer-based 

optical biosensor is that the matrix itself acts both 

as a support and as an optical indicator. The 

absorbance spectrum of conductive polymer 

depends on pH and it changes in the presence of 

the catalytic product generated from the urease-

catalysed hydrolysis of urea [60]. 

 

4.5. Manometric Detection 

The measurement of the total quantity of a gas 

(such as NH3 or CO2) produced during the 

enzymatic hydrolysis of urea have also been made 

by simple manometric methods [61-62]. 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 [61,63]. Using 

this principle, Jenkins and Delwiche [11] 

developed an on-line biosensor and use this to 

measure urea in milk with a piezoresistive 
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pressure transducer during milking. The sensor is 

robust to milk and the complete measurement 

cycle, including a wash cycle between samples 

and correction for background dissolved gases, 

lasted about 5 min [11]. 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 

reproducible sensitivity, this volume was required 

to be relatively large [62]. This can result in a loss 

of sensitivity compared to the theoretical 

maximum. Jenkins and Delwiche [62] 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 independent 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 [62]. 

 

4.6. Thermal Detection 

The detection of thermal change has not gained 

much interest for urea biosensors, but has been 

used in some cases. These are based on the 

measurement of the heat produced when a 

biochemical reaction takes place. The amount of 

reacted substrate is related to the heat produced 

through the specific enthalpy, H, of the reaction. 

An advantage of this approach, compared to other 

analytical modes of detection such as 

spectrophotometric and electrochemical methods, 

is the universal detection principle on which it is 

based combined with the specificity of biological 

reactions. As all biological reactions are 

exothermic, this principle is applicable as long as 

suitable specificity is obtained in the enzymatic 

reaction [61]. However, a major drawback of this 

device is that non-specific heat effects from 

mixing, changes in pH, viscosity 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 

considered for detection by this approach [39]. 

Jerspersen [64] has reported that urease–catalysed 

urea hydrolysis reaction has an enthalpy of -14.97 

Kcal mol
-1

 [64] which is adequate for thermal 

biosensing of urea. 

4.7. Piezoelectric Detection 

Another transduction mode that has gained some 

interest for biosensing 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 (dielectric contact 

and conductivity) of the medium can be detected. 

Kondoh et al. [65] used this approach to develop 

urea piezoelectric biosensors, where the 

interaction between immobilised urease on these 

devices and urea in solution is detected based on 

change in conductivity monitored by 

acoustoelectric interaction. Wei and Shih [66] 

used another approach which involved the coating 

of piezoelectric surface with an adsorbent which 

can adsorb the products of the enzymatic reaction 

(ammonia or carbon dioxide) and, thus, serve as a 

basis for measurement of urea concentration [66]. 

 

5. CONCLUSION 

As with other biosensors, successful fabrication of 

urea biosensors requires careful consideration of 

several important factors, including choice of 

enzyme or other bioactive substances, 

immobilisation method and mode of transduction. 

However, if done properly, this can lead to 

successful determination of urea in various 

clinical, environmental and industrial samples, as 

has been demonstrated in this review. 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. Recent developments in this area is 

encourage a more common use of nanomaterials 

for the fabrication of more robust and more 

sensitive urea biosensors.  
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