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Over past few decades different types of nanostructured electrode materials have been reported for the 

electrochemical analysis and biosensor applications. This article will give overview on the electrode 

materials based on carbon fiber, carbon nanotube (Single-walled carbon nanotubes and multi-walled 

carbon nanotubes), graphene oxide, metal oxide, conducting polymer and nanocomposites. The 

different electrochemical methods such as cyclic voltammetry, square wave voltammetry, differential 

pulse voltammetry, amperometry, electrochemical impedance spectroscopy and analytical methods 

such as UV-visible spectroscopy have also been overviewed. The biosensing applications of these 

nanostructured electrodes to the determination of biologically important analytes such as glucose, 

cholesterol, dopamine, uric acid, ascorbic acid, chitosan, cytochrome c, paraxon, acetylcholinesterase 

and hypoxanthine have also been reviewed. There are good prospects to fabricate low cost electrode 

materials, new conception and attractive aspect for the development of future biosensor applications. 

 

 

Keywords: Nanostructured materials, Electroanalytical methods, Electrochemistry, Biosensor, 

Enzyme electrodes. 

 

 

1. INTRODUCTION 

The electrochemical biosensors are attractive methods for the sensitive determination of 

analytes in terms of low sensitivity, selectivity and long term stability [1]. Several reviews on specific 
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application of different modified electrode materials used in biosensors [2-9] and energy storage [10, 

11] device are available in reported literature. Nanocomposite modified electrodes display fascinating 

electrochemical properties in pesticide sensor [12] and non-enzymatic sensor [13] applications. The 

discovery of two-dimensional graphene based electrode material has been used for direct electron 

transfer from cyctochrome C and reduction of nitric oxide [14]. The highly ordered mesoporous 

carbon-fullerene based modified electrode facilitated direct quantifications of β-nicotinamide adinine 

dinucleotide (NADH), ascorbic acid (AA), uric acid (UA), dopamine (DA) and epinphrine (EP) [15]. 

A novel polyvinylpyrrolidone protected graphene/polyethylenimine-functionalized/ionic liquid/glucose 

oxidase electrode has shown excellent biocompatibility with glucose biosensors [16]. Much 

electrochemical biosensor detection has been demonstrated on graphene based modified electrodes, 

i.e., graphene-chistosan/haemoglobin/graphene/ionic liquid [17]. Among the graphene based materials, 

chemically reduced graphene oxide modified glassy carbon (CR-GO/GC) electrode has significantly 

improved catalytic performance in biosensors [18]. The immobilized acetylcholinesterase based 

caroboxyphenylboronic/reduced graphene oxide-gold nanocomposite enhanced the electrochemical 

sensitivity of biomolecular reaction and presents rapid response with low detection limit [19]. 

Graphene oxide and sheet-mediated silver composite exhibit excellent electrochemical biosensing 

ability and sensitively detects the pathogenic bacteria, protein and DNA [20]. Water-soluble 

polyhydroxylated fullerene derivatives have been extensively exploited for haemoglobin biosensor and 

to improve the anti-oxidant properties [21]. The most described immobilized acetylcholinesterase on a 

novel TiO2-decorated graphene nanohybrid can be monitored by measuring a good performance of 

organophosphate pesticide sensor analysis [22]. On the other hand, a disposable biosensor based on 

tyrosinase-protected gold nanoparticle (Tyr-Au) was immobilized with 1-pyrenebutanoic acid, 

succinimidyl ester and graphene oxide (PASE-GO) forming a biocompitable nanocomposite and it was 

coated with screen-printed electrode (SPE) for the determination of phenolic compounds [23]. 

Electrochemical DNA sensor has been evaluated by carboxyl functionalized graphene oxide and it was 

electropolymerized with poly-L-lysine on glassy carbon electrode. The polymerized composite (GO-

COOH/PLLY/GCE) immobilized with ssDNA for the detection of vibrio parahemolyticus (tlh gene) 

[24]. The human live cell secretion of H2O2 has been detected by ultrasonic-electrodeposited of triple 

component designed with Pt-MnO2/graphene nanohybrid electrode [25]. Graphene oxide and nafion 

based electrode with incorporated with myoglobin (Mb-GO-nafion) have also been exploited as 

electrode in biosensors. In this Mb film electrode exhibited good electrocatalytic activities towards 

H2O2, nitrite and oxygen [26]. 

The outline of this article overviewed various nanostructured electrode materials, different 

electrochemical techniques and promising electrochemical application for the detection of biosensing 

molecules. Finally, special interest highly focused on effect of morphological structure, optimized pH, 

low limit of detection, high sensitivity and long term durability in electrochemical biosensors 

application.  

 

 

 



Int. J. Electrochem. Sci., Vol. 10, 2015 

  

8609 

2. ELECTRODE MATERIALS FOR BIOSENSORS  

2.1. Carbon fiber  

Carbon fiber electrode materials are readily available and it act multi-properties like high 

electrochemical stability, low electrical resistivity and high mechanical strength. The carbon fibre 

electrode modified with poly β-aminoanthraquinone (pAAQ) for the study of amperometric micro 

sensor of haemoglobin (HB) [27]. Voltammetric technique can be used for the optimization of 

electrochemical stability of modified electrode. Biosensing molecule of HB, the amperometric 

response range of 0.5 M to 340 M and the average current response value of about 23.2 nA. Carbon 

fiber electrode can be modified with co-deposition of ruthenium (Ru) and rhodium (Rh) nanoparticles. 

The modified electrode has been immobilized with glutamate dehydrogenase (GLUD) and it can be 

analyzed for the evaluation of α-ketoglutarate (α-KG) [28]. The amperometric response current range 

between 100 to 600 M and the lowest limit of detection (LOD) value is 20 M. The unmodified 

electrode of tyrosinase based carbon fiber paper suggests the monitoring of phenolic compounds like 

catechol, phenol, bisphenol and 3-aminophenol. The LOD value of catechol (2 nM), phenol (5 nM), 

bisphenol (5 nM) and 3-aminophenol (12 nM) [29]. A stable carbon fibre electrode modified during 

the co-immobilisation of acetylcholinesterase (AChE) and chonline oxidase (ChOx) in bovin serum 

albumin (BSA) membrane for the development of acetylcholine and choline. A convensional three 

electrode optimized potential value of 800 – 1100 mV vs Ag/AgCl, exhibited LOD value of 1 M for 

acetylcholine and choline. The biosensor exhibited good sensitivity and selectivity for acetylcholine 

and choline [30].  Deng et al [31] used a silk derived carbon fibre modified with Au@Pt urchilike 

nanoparticles (Au@Pt NPs) for the development of Escherichia coli (E-Coli)-based electrochemical 

sensor. The reported LOD value of 0.09 mg L
-1

 and it possesses high conductivity, high 

electrocatalytic activity and biocompatibility.  

 

2.2. Carbon nanotube 

Single-walled carbon nanotube (SWCNT) immobilized with 11-(ferrocenyl)-undecyltrimethyl 

ammonium bromide (FTMA) has been employed for the direct electron transfer of glucose oxidase 

(GOx) [32]. The voltammetric results are clearly indicated that the direct electron transfer between 

immobilized of GOx and surface of the modified SWCNT electrode. The measured glucose 

concentration against a linear relationship steady-state current has been estimated over a range from 

0.04 – 0.38 mM. The immobilized modified electrode exhibited high sensitivity and good chemical 

stability. The acid treated carbon nanotube was immobilized with acetylcholensterase (AChE) and the 

electronegative charged CNT surface was modified with a cationic poly(dimethylammonium chloride) 

(PDDA) layer [33]. A highly sensitive amperometric biosensor of PDDA/AChE/PDDA/CNT/GCE 

unique sandwich-like composite electrode for organophosphate pesticide analysis, the optimized 

sensors parameters like inhibition time regeneration conditions and LOD value of (0.4 pM) D-amino 

acid oxidase oncarboxylated multi-walled carbon nanotube/copper nanoparticle/polyaniline hybrid 

film have been fabricated on gold electrode, the immobilized composite for D-alanine from fruit juice 
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[34]. In this sensor study, a linear relationship between biosensor and D-alanine concentration range 

from 0.001 to 0.7 mM, the LOD of 0.2 mM and the sensitivity of 54.85 mA cm
-2

 mM
-1

. Apetric et al 

[35] have used carboxyl functionalized single-walled carbon nanotube electrode immobilized with 

Tyrosinase to employ an amperometric biosensing analysis of tyramine. This modified CNT electrode 

is suitable for environment for the study of bioactivity of tyrosinase. This bioactive reaction has a good 

linearity with the concentration of tyramine in the range from 5 – 180 M and exhibited limit of 

detection of 0.62 M. 

 

2.3. Fullerene  

A fullerene-C60/glassy carbon electrode (FLR/GCE) have used for the interactions study of 

carbidopa (CD) with double standard calf thymus DNA (dsDNA) by using phosphate buffer solution 

(pH = 4.0) [36]. Cyclic voltammetry (CV), linear sweep voltammetry (LSV) and square wave 

voltammetry (SWV) techniques have used in the interaction study of CD with dsDNA. Similarly, UV-

visible and fluerescence spectroscopy have monitored the interaction between CD and dsDNA. Apply 

SWV in a linear response of dsDNA concentration range between 0.1 to 25 nM and the reported LOD 

value of 0.03 nM, however the fabricated electrode expressed good repeatability, reproducibility and 

long term stability. A tentative application of fullerene and gold nanoparticle have examined for the 

development of nanostructured enzyme based biosensor and evaluation of polyphenol [37]. Surface 

Plasmon resonance spectroscopy (SPR), CV and chronoamperometry have been used for the 

characterization of modified electrode surface area and their biocatalytic activity. The biosensor 

showed fast amperometric response to gallic acid and a standard for poly phenol analysis of wine, the 

amperometry linear range from 0.03 – 0.30 m mol L
-1

 and the reported LOD value of 1.1 mg L
-1

. 

Sheng et al [38] used a haemoglobin (Hb) immobilized fullerent-nitrogen doped carbon nanotube and 

chitosan (C60-NCNT/CHIST) composite for sensing H2O2. The composite showed a well defined redox 

peak values of E0 = -335 mV vs SCE and assigned the redox reaction of Hb (Fe
III

/Fe
II
). The 

immobilized Hb have been optimized the fast electron transfer rate order processes of ks = 1.8  s
-1

, the 

LOD value of 1 and the sensitivity of 438 mA mM
-1

. An air-plasma activated fullerene 

impregnated to screen printed electrode was immobilized with DNA for the detection of Escherichia 

coli 16S rDNA [39]. The fullerene modified lipid bilayer membrane (s-BLMS) electrode have been 

used an electrochemical sensor for the detection of neutral odorant molecules [40], by using 

voltmmetry analysis, the two systems (I2/I
-
 and ferrocene/ferrocinium) were studied with C60 lipid 

bilayer modified electrode. The results are clearly indicated that, C60 I2/I
-
 exhibit more sensitivity than 

C60 ferrocene/ferrocinium. 

 

2.4. Graphene oxide 

Electrochemically reduced graphene oxide modified with multi-walled carbon nanotube 

(ERGO-MWCNT) on glassy carbon electrode for the detection of glucose [41]. The modified 

composite electrode exhibited high electrocatalytic activity of glucose oxidation and the LOD of 4.7 
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 the real sample of glucose obtained from human blood serum. Electrodeposition of hybrid film 

composed with laccase, tyrosinase, gold nanoparticles and chitosan on graphene doped carbon paste 

(LACC-TYR-AuNPs-CS/GPE) electrode used for the development of carbamate pesticide sensor 

collected from citrus fruits [42]. In this (LACC-TYR-AuNPs-CS/GPE) composite have used for the 

evaluation of Michaelis-Menten kinetic constant (km) value (26.9 ± 0.5 M). A titania nanosheet 

modified reduced graphene oxide (TiO2NS-rGO) composite was immobilized with haemoglobin and it 

can be used for electrochemical analysis of H2O2 and nitrite [43]. The morphological and structural 

analysis has been characterized by SEM, XRD and Raman spectroscopy. The immobilized TiO2NS-

rGO electrode displayed good electrochemical biosensor performance for the detection of H2O2 and 

nitrite, i.e. a wide linear range of 0.1 – 145 M for H2O2 and 1 – 15,000 M for nitrite, the LOD of 10 

nM for H2O2 and 0.21  for nitrite. Peng et al [44] have used gold nanoparticle/toludine blue-

graphene oxide (AuNPs/TB-GO) composite, a facile and sensitive labile-free electrochemical DNA 

biosensor of multidrug resistance (MDR) gene. The sensor part has been analyzed by two different 

electrochemical techniques, such as electrochemical impedance spectroscopy (EIS) and differential 

pulse voltammetry (DPV), by employing the DPV hybridization of DNA measured from the peak 

current of TB. The currents were proportional to the logarithmic of the concentration of DNA, the 

optimized range from 1.0 x 10
-11

 - 1.0 x 10
-9

 M and the LOD of 2.95 x 10
-12

 M. A new type of 

electrochemical biosensor has been analyzed by used human serum albumin/graphene oxide/3-amino 

propyl triethoxy silane modified with indium tin oxide (ITO/APTES/GO/HSA) electrode used for the 

determination of enentiomers D and L – tryptophan (Trp) [45]. The composite electrodes were 

investigated by CV method, the exhibited oxidation peak potential of D and L trp occur at 860 and 

1260 mV vs SCE respectively.  

 

2.5. Metal oxides 

Recently, metal oxides can offer promising electro active materials due to enhancement of the 

electrochemical reversible redox reaction, wide potential window and large surface-volume ratio. A 

nanostructure of metal oxide (CeO2)-chitosan (CH) made electrode used as biosensor for sensing 

cholesterol molecule [46]. The fabricated ITO-CeO2-CH nanocomposite immobilized with cholesterol 

oxidase (ChOx). A novel core-shell zinc oxide based (ZnO/chistosan-graft-poly(vinyl alcohol)) 

(ZnO/CHIT-g-PVAL) nanocomposite led to the sensing of glucose, the composite reported LOD value 

of 0.2 M [47]. Nanoparticle of titanium oxide modified with reduced graphene oxide (TiO2/NPs-

rGO) composite has been immobilized to haemoglobin (Hb) for a mediator-free biosensor of hydrogen 

peroxide (H2O2), the LOD value of 10 nM [48]. Glucose biosensor for millimolar level determination 

of glucose generated with a glucose oxidase immobilized with cellulose tin-oxide (SnO2) hybrid 

nanocomposite electrode [49]. A three layer of magnetic core-shell Au-Fe3O4@SiO2 metal oxide based 

nanocomposite electrode used as a novel electrode materials for the detection of bioenzyme glucose 

biosensor applications [50]. Jeyaprakasam et al [51] have recently reported that acetylcholinesterase 

(AChE) enzyme immobilized with iron oxide-chitosan nanocomposite film modified glassy carbon 
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electrode (AChE/Fe3O4-CH/GCE) electrode can served as an excellent biosensor detection value of 3.6 

x 10
-9

 M.    

 

2.6. Conducting polymers 

Conducing polymers (polythiophene, polyaniline and polypyrrole) have considerable 

application in optical, electrical and electrochemical properties. A number of authors have reviewed 

for the preparation, properties and applications of conducing polymers [52-54]. Electrodeposition of 

conducting polymers of poly(4,7-di(2,3)-dihydrothenol) [3,4-b] [1,4] dioxin-5-yl-benzo[1,2,5] thiazole 

(PBDT) and poly(4,7-di(2,3)dihydrothienol[3,4-b] [1,4] dioxin-5-yl-2,1,3-benzoselenadiazole (PESeE) 

on graphite electrode, the modified electrodes were immobilized with glucose oxidase (GO) and the 

biosensor’s LOD value of 0.05 mM for PBDT and 0.01 mM for PESeE [55]. Gokoglan et al [56] have 

electrochemically deposited a conducing polymer of poly(4,7-bis(thieno[3,2-b] thiophene-2-yl) 

benzo[c] [1,2,5] selenadiazole) poly(BSeTT) on gold electrode. The immobilized conducting polymers 

which can be apply for the biosensor detection of pyranose, the LOD value is 0.229 mM. There has 

been explosive growth of conducting polymer poly(4-(2,5-di(thiophene-2-yl)-1H-pyrrole-1-yl)-

benzenamine) (poly(SNS-NH2)) on graphite electrode for acetylcholine biosensor. The electrode leads 

to the LOD value of 0.11 mM [57]. The attractiveness of conducting polymers of 2-Heptyl-4,7-

di(thiopehene-2-yl)-1H-benzo[d] imidazole) (BImTh) were electrocopolymerised on graphite electrode 

for cholesterol biosensor development[58]. One of the most interesting developments of conducting 

polymer (Poly(4-(2,5-di(thiophene-2-yl)-1H-pyrrole-1-yl)benzamine) (Poly(SNS-NH2)) electrode 

modified with multi-walled carbon nanotube could be used for the biosensor for the detection of 

acetylcholinesterase [59]. 

 

2.7. Nanocomposite  

Mixing of two or more dissimilar nanomaterials coated on the electrode surface called 

nanocomposite. It has unique physical, electrical, optical and chemical properties. The major 

advantages of the composite electrode materials are to enhance the electro active surface and good 

electrical contact between components and transducers. The electrocatalytic properties of 

nanostructured composite of chistosan-polypyrrole (CS-PPy) are widely used for the detection of 

glucose, the reported LOD value is 1.55 x 10
-5

 M [60]. The advent of platinum embedded polypyrrole 

nanowire (PPy-Pt) composite has been deposited on glassy carbon electrode, a new dimension of 

electrochemical application for biosensor (LOD value of 4.5 x 10
-7

 M) studies [61]. Xue et al [62] 

prepared a ternary gold nanoparticle with polypyrrole and reduced graphene oxide (AuNPs/PPy/RGO) 

nanocomposite for the direct electron transfer of glucose oxidase and tremendous amperometric 

response to glucose. The extensive efforts have been developed to improve the sensitive of cholesterol 

biosensor (6.3 M) by using immobilized cholesterol oxidase with horse peroxidise on a 

poly(thionine) modified glassy carbon (GCE/PTH/ChOx/HRP) composite [63]. The common approach 

for the immobilization of glucose oxidase on mesoporous carbon and platinum nanoparticle (Pt/OMC) 
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composite has been used as an excellent electrocatalytic studies of H2O2 [64]. The exhaustive 

explanation, electrode fabrication and the LOD of electrochemical biosensors illustrated in Fig.1. 

 

 

 
 

Figure 1. Schematic representation of the proposed strategy for miRNA-155 detection. ("Reprinted 

with permission from (ACS Appl. Mater. Interfaces 7 (2015) 713-720). Copyright (2015) 

American Chemical Society”).  

 

A highly sensitive detection of an DPV electrochemical biosensor of microRNA (miRNA) 

using cyctochrome C (Cyt C) and alcohol oxidase (AOx) on Pt based metal oxide based nanocomposite 

(Cyt C-p-TiO2@PtNPs) electrode [65] 

 

 

 

3. ROLE OF MORPHOLOGY 

Scanning electron microscope (SEM) and transmission electron microscope (TEM) are 

immensely valuable and versatile technique for the analysis of morphological structure and measure 

the diameter of the particle size. A uniform nano porous zinc oxide (Nano-ZnO) has been deposited by 
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RF magnetron sputtering. The surface morphology and roughness electrode surface area of ZnO 

modified electrode exhibits cavities of nano porous film as an effective biosensing area of enzyme by 

used field emission-scanning electron microscope (FE-SEM) analysis [66]. The environmental 

scanning electron microscope (ESEM) was used for the analysis of a smooth nature-like structure of 

carbon nanotubes without aggregation observed on CNTs-chitosan (CNTs-CS) film surface. In this 

type of smooth like composite provides a biosensing matrix of enzyme based studies due to good 

biocompatibility, good conductivity and long durability [67]. Ge et al [68] have used a linker-free 

connected graphene oxide/Au nanocluster (GO-Au NCs) composite for biosensor of L-cystein 

analysis. In this composite, a single layer of GOs was obtained smooth surface and Au NCs showed a 

uniform surface tophography, the measured diameter of about 6 nm.  

 

 
Figure 2. Representative SEM images of (a) nylon 6, 6/PBIBA and (b) nylon 6, 6/4MWCNT/PBIBA 

surfaces before GOx immobilization and (c) nylon 6,6/PBIBA and (d) nylon 6, 

6/4MWCNT/PBIBA surfaces after GOx immobilization under optimized conditions. 

("Reprinted with permission from (ACS Appl. Mater. Interfaces 6 (2014) 5235-5243). 

Copyright (2014) American Chemical Society”).  
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Figure.2.shows a layer-by-layer graphene oxide (GOx) has been synthesized by electro spinning 

method and it was mixed with MWCNT and Nylon 6,6. In this carbon nanotube composite (Nylon 

6,6/MWCNT/PBIBA/GOx), which was uniformly wrapped with the nanofiber [69]. 

 

4. EFFECT OF pH 

All electrocatalytic reactions have been evaluated by acidic to basic (4 to 14) medium, because 

optimization pH is one of the most important parameter for the study of bio sensing molecules. 

Electrochemical deposition of gold based laccase electrode used for sensing of enzymatic biosensor 

analysis. This enzymatic catalyzed reactions are mainly depends on pH and also maintained the 

maximum peak currents are clearly occur at pH = 5 [70]. Tsopela et al [71] studied two different 

(tungsten/tungsten oxide and platinum/iridium oxide) electrode used for the reduction of O2 and H2O2. 

The detection of O2 and H2O2, Pt/IrO2 exhibited more sensitive pH measurement than W/WO2. This 

type of electrodes were almost demonstrated a linear response wide range of 2.0–12.0. Ascorbic acid is 

an essential nutrient component for human diet and it can be obtained from fruits. The ascorbic acid 

biosensors are mainly studied in acidic medium, the optimized pH range between 5.5 and 7.5. The 

study of as-fabricated poly(3,4-ethylenedioxythiophene)-laurolsarcosinate film biosensor electrode 

between 5.5 and 8.0 [72]. Zou et al [73] have evolved a haemin functionalized graphene oxide 

electrode for simultaneous determination of ascorbic acid, dopamine and uric acid. The exhibited peak 

currents of AA, DA and UA at the modified electrode were affected by the pH values of Britton-

Robinson buffer solution. The optimized pH oxidation peak currents values of AA, DA and UA were 

obtained in the range of 3.0 to 8.0. The maximum oxidation peak current values were exhibited at pH = 

6. Carbon and silica based electrode modified with niobium oxide, alumina and DNA, exhibited, a 

potential application in electrochemical biosensor for amitriptyline. The optimized UV-visible results 

showed a maximum peak current value obtained at pH = 7.5 [74]. The electrochemical response of 

H2O2 at poly(N-isopropylacrylamide)-g-poly(N-isopropylacrylamide-co-styrene) (PNIPAM-g-

P(NIPAM-co-St)) with MWCNT (Hb/PNNS/MWCNTs/GCE) composite was examined in 0.1M 

phosphate buffer solution of pH range from 5.0 to 9.0. [75].  

 

5. ELECTROANALYTICAL TECHNIQUES  

5.1. Cyclic voltammetry 

CV techniques are widely used a powerful technique for the study of reversible, irreversible 

and quasi-reversible redox reaction and also it gives useful information regarding mechanism of 

electrochemical studies. Electrochemically modified electrode of hematoxylin electrode deposited on 

glassy carbon electrode have been investigated the voltammetric determination of noradrenaline and 

acetaminophen [76]. The CV data can help to optimize the electrocatalytic processes and the oxidation 

reaction of noradrenaline. The principle involves the immobilization of acetylcholensterase on the 

carbon paste electrode can also be used in biological applications. The voltammetric characterization 

of biosensor has been characterized by using acetylthiocholine chloride (AsChCl) and the evaluated of 
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enzyme catalyzed anodic oxidation reaction of thiocholine [77]. Reddy et al [78] showed the 

possibility of electrochemical characterization of p-Nitrophenol by lipase enzyme inhibition method. 

From this voltmmetry analysis, the anodic peak current increased with an increase of scan rate. The 

plot of peak current against square root of scan rates, a linear coefficient value of 0.9997. Arya et al 

[79] made a significant contribution in that a polyaniline protected electrode fabricated on gold 

electrode (PPAuNp/Au) and the modified electrode immobilized with cortisol specific monoclonal 

antibody (C-Mab). Voltommogaram studies have confirmed the PPAuNp/Au composite electrode 

exhibited repeatable redox behaviour and the LOD of cortisol in the range of 1 pM – 100 nM. In 

Fig.3.shows the SEM morphological (Skeleton) structure (A,B,C and D) and electrochemical analysis 

of glucose with chitosan (CS) modified with ferrocene (Fc) and 3D graphene foam (Fc-

CS/SWCNT/GOD/3DG) electrode (Fig.3A). Fig.3(B) shows the various concentrations ((a) 0, (b) 10, 

(c) 15, (d) 20 and (e) 25 nM) of glucose in PBS (0.1 M, pH = 7). The electrode catalyst was displayed 

the LOD glucose of 1.2 M [80]. 

 

 
 

Figure 3. (A and B) SEM images of 3D graphene foam with low and high magnification. (C and D) 

SEM images of the Fc-CS/SWNTs/GOD composite film electrodeposited on 3D graphene with 

low and high magnification. (E) Bioelectrocatalysis of the Fc-CS/SWNTs/GOD/3DG electrode 

toward glucose in PBS,  the arrows indicated the scan direction of the voltammograms. 

Glucose concentration was (a) 0, (b) 10, (c) 15, (d) 20, and (e) 25 mM. ("Reprinted with 

permission from (ACS Appl. Mater. Interfaces 6 (2014) 19997-20002). Copyright (2014) 

American Chemical Society”).  
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5.2. Square wave voltammetry 

Square wave voltammetry is one of the sensitive techniques than CV i.e the measurement of 

accuracy and the limit of detection value up to nano molar (nM) to pico molar (pM). Yadav et al [81] 

reported the detection of chloramphenicol (CAP) using a immobilized poly(4-amino-3-

hydroxynapthalene sulfonic acid) (p-AHNSA) modified with pyrolytic graphite electrode. The square 

wave voltammetry method was applied for the determination of CAP with a detection limit of 0.02 

nM.  

 

 
 

Figure 4. The target DNA concentration shown in the (A) was 0 (a), 0.04 nM (b), 0.2 nM (c), 1 nM 

(d), and 2 nM (e), separately. (B) Variance of the redox current with the target DNA 

concentration measured by the E-DNA biosensor with an adjunct probe. ("Reprinted with 

permission from (Anal. Chem. 82 (2010) 9500-9505). Copyright (2010) American Chemical 

Society”).  

 

Figure.4 (A) and (B) illustrated the electrochemical biosensor detection of nucleic acid 

response exhibited different concentrations using square wave voltammety at adjunct probe E-DNA. 

The E-DNA based electrode provide with a limit of detection of 2.0 pM [82]. The use of square wave 

voltammetry biosensor, the double stranded calf thymus DNA (dsCT-DNA) entrapped polyaniline-

polyvinyl sulfonate/indium-tin oxide (PANI-PVS/ITO) composite for chlorpyrifos and malathion [83].  

Yola et al [84] developed a high sensitive method for the detection (2.0 x 10
-15

 M) of DNA (5’-TA 

CCG CGT GCT CGA GCT-(CH2)3-SH-3’ single-stranded probe) hybridization on modified with 

Fe@Au nanoparticle involving 2-aminoethanethiol (AET) functionalized graphene oxide electrode. 

The biosensor of functionalized polypyrrole nanotube arrays modified with a tripeptide (Gly-Gly-His), 

the electrode allow easily functionalization with α-carboxylic acid. In this case, the electrochemical 

determination of copper ions (Cu
2+

) has been studied [85]. 
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5.3. Differential pulse voltammetry (DPV) 

Several methods have been extensively applied for the development of biosensor applications, 

like CV, amperometry and square wave voltammetry. Among these methods, DPV exhibit an excellent 

compatibility, high sensitivity and easily handled. Noaradrenalin (NA) and acetaminophen (AC) are 

electroactive compound, they can be detected by hematoxylin modified glassy carbon electrode. The 

electrocatalytic oxidation of NA and AC simultaneous measurement by using DPV [86]. The recent 

surge of flower-like morphology of zinc oxide (ZnO) nanostructure has been synthesized by 

hydrothermal method. The DNA immobilizations are mainly focused on interaction of physically 

immobilized single stranded thiolate DNA (SS th-DNA) and the nanostructure of ZnO. The assembled 

immobilized electrode can quantify the target molecule of ss th-DNA [87]. Hu et al [88] employed a 

simple and irreversible electrochemical biosensor of glucose by Cv and DPV. Fig.5.shows that the 

glucose oxidation concentrations increases with increasing of peak current. The development of 

biosensors glucose oxidation LOD value of 0.015 mM. 

 

 
 

Figure 5. (A) Cyclic voltammograms in air-saturated 0.1 M, pH 7.4 PBS at (a) an electrochemically 

pre-treated bare Au electrode, (b) after formation of Pt@BSA layer, (c) after cross-linking 

reaction with GA, after covalent immobilization of GOD in the (d) presence and (e) absence of 

dissolved oxygen, and (f) with the addition of 6.55 mM glucose to air-saturated buffer. (Scan 

rate: 50 mV s
−1

). (B) Differential pulse voltammograms of GOD/GA/Pt@BSA-modified Au 

electrode in air-saturated 0.1 M, pH 7.4 PBS buffer (under the optimized conditions) with the 

glucose concentration increased from a to l (0.05, 0.55, 1.55, 3.55, 5.05, 6.05, 6.55, 7.55, 9.55, 

11.05, 12.05 mM glucose injection, respectively). ("Reprinted with permission from (ACS 

Appl. Mater. Interfaces 6 (2014) 4170-4178). Copyright (2014) American Chemical Society”).  

 

The electrochemical biosensor of vitamin B1 on pre-treated multi-walled carbon nanotube paste 

electrode (PMWCNTPE) modified with ds-DNA has been studied by differential pulse voltammetry 

[89]. A double strand DNA modified immobilized electrode are extensively used for electrochemical 

biosensor of morphine. The oxidation event owing to their sensor and real sample analysis were 

obtained from urine and blood plasma samples [90]. An electrochemical anti-oxidant biosensor based 
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on electrochemical entrapped dsDNA immobilization on screen-printed electrode has been used for 

detection of quanine [91]. 

 

5.4. Amperometry technique (i vs t curve) 

Amperometry technique has a powerful tool for the determination of biosensor analysis up to 

low level and it has highly sensitivity, selectivity and simplicity. In a typical amperometric experiment 

mainly explained by cottrel equation (Eq. 1) 

tπ

D
nFACi(t)                                                                                                                     (Eq.1) 

The main parameter of i-is current and t-is time. A novel multi-walled carbon nanotube 

modified with redox dye nile blue (NB) and co-immobilized with horseradish peroxide 

(MWCNT/NB/NAF/HRP) composite served as an excellent hot matrices for a second generation of 

amperometric biosensor.  

 

 

 

 
Figure 6. Typical TEM (A) image of gold nanooctahedra. (B) Typical tapping mode AFM height 

image of GOx immobilized on a Au nanooctahedra surface. Single-layered Au nanooctahedra 

with 2.5 L of 2.5 mg/mL glucose oxidase. (C) Current responses of a single-layered (a) and a 

five-layered (b) Au nanooctahedra/GOx system upon successive additions of 0.01M glucose 

aliquots (50 L each). ("Reprinted with permission from (J. Phys. Chem. C 112 (2008) 3605-

3611). Copyright (2008) American Chemical Society”).  
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The impregnated composite were used as an electrode material in electrocatalytic activity for 

the reduction of hydrogen peroxide [92]. Similarly, the other interesting co-immobilization horseradish 

and glucose oxidase on silver nano cube with chitosan (Gox-CS-HRP/AgNCs-CS) nanocomposite film 

electrode has been also reported for the oxidation of glucose biosensor applications [93]. Carbonic acid 

immobilization of a core-shell ceria oxidase-polyaniline (GCE/CeO2-PANI/CA) nanocomposite have 

been shown to exhibit better electrocatalytic activity of carbonic acid in human blood [94 ]. A third 

generation of biosensor detection of uric acid by using ferrocene (Fc) induced electro active uricase 

(UOx) deposited with nafion on glassy carbon electrode (Naf/UOx/Fc/GCE) composite has been also 

reported [95]. 

The biosensors for the amperometric detection of glucose response range from 0.125 to 12 mM 

(Fig.6) and the sensitivity of 0.07 A mM
-1

. Moreover, this type of glucose oxidation has been 

developed on the parallelogram shape (SEM) and layered structure (AFM) on gold based (Au 

nanooctrahedra/GOx) composite [96]. Rahman et al [97] have studied poly-5,2’:5,2’-tetrathiophene-3’-

carboxylic acid (poly-TTCA) layer electrode immobilized with hydrazine and horseradish peroxide 

(HRP) for the development of amperometric biosensor. 

 

5.5. Electrochemical impedance spectroscopy (EIS)  

This technique has been widely used in many electrochemical studies (To monitor the electrode 

surface properties) and it may apply to investigate the change in charge transfer resistance (RCT) value. 

Such as electrochemical sensors, corrosion, super capacitors and batteries.  

 

The sulfite oxidase (SOx) immobilized with nano composite of Prussian blue 

nanoparticle/polypyrrole film electrodeposited on gold electrode (SOx/PBPNPs/PPY/Au). The 

composite electrode has been investigated the RCT value by using EIS analysis. The reported RCT value 

of 650 Ω for PBNPs/PPY/Au composite and 1300 Ω for SOxX/PBNPs/PPY/Au electrode. In this 

results are clearly explained the binding of SOx onto the PBNPs/PPY/Au electrode exhibited poor 

electrical conduction at low frequency (˂10 kHz) value [98]. The EIS of deoxy ribonucleic acid 

(DNA) biosensor based multi-walled carbon nanotube deposited on Ag-TiO2 composite for labile-free 

phosphinothricin acetyltransferase gene [99]. The nano molar detection of aptamar based thrombin by 

pyrolyzed carbon film electrode, the electrochemical biosensor exhibited high sensitivity and 

selectivity of thrombin [100]. The glucose oxidase biosensor has been detected, the limit of detection 

value of 15.6 M and the sensitivity of 9.66 x 10
-7

 Ω
-1

 mM
-1

 by used immobilized glucose oxidase 

gold mercaptopropionic acid self-assembled monolayer (Au-MPA-GOx SAMS) electrode [101]. 

Recently, ultrasensitive impedometric biosensors of bovinserum albumin (BSA) modified with 

MWCNT on GCE (BSA/MWCNT/GCE) composite studied for the detection of buprenorphine 

hydrochloride (BN). 

Fig.7.shows the immobilization electrode of DNA modified gold nanoparticle (DNA/AuNPs) 

at various concentrations and the estimated LOD of 1pM [102]. 
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Figure 7. Nyquist plots of impedance spectra obtained by the DNA sensor after incubation with 

different concentrations of target DNA for 1.5 h and 10 nM GNPs for another 0.5 h: (a) 1 pM; 

(b) 10 pM; (c) 100 pM; (d) 1 nM; (e) 10 nM; (f) 100 nM; (g) 500 nM. ("Reprinted with 

permission from (ACS Appl. Mater. Interfaces 6 (2014) 7579-7584). Copyright (2014) 

American Chemical Society”).  

 

 

6. ANALYTICAL TECHNIQUE (UV-VISIBLE SPECTROPHOTOMETER) 

 
Figure 8. Low-voltage ADF-STEM imaging of nanocomplexes at MPS/AuCl4

−
 ratios of (A) 0.25, (B) 

0.5. UV-visible spectra of nanocomplexes synthesized with the different thiol/AuCl4
−
 ratios 

tested in this work. VP6-Au nanocomplexes without coating are denoted as 0. (a) MPS-coated 

nanocomplexes. (b) GlcC5SH-coated nanocomplexes. ("Reprinted with permission from 

(Langmuir 30 (2014) 14991-14998). Copyright (2014) American Chemical Society”).  
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The UV-visible spectrum is plotted the graph of absorbance against wavelength, the molecules 

are commonly exposed to light having possible energy electronic transitions occur to n → π* or π→ 

π*. The electrochemical biosensor of DNA/hemin/nafion-graphene/GCE modified electrode have been 

used to investigate the DNA damage attributed to the benzo(a)pyrene enzyme and also study the 

feasibility of hemine/H2O2 system mimicking the benzo(a)pyrene enzymatic effect by UV-visible 

spectrophotometer [103]. LaF3 doped CeO2 (LaF3-DP-CeO2) composite immobilized with myoglobin 

for the electrochemical determination of nitrite biosensor. By using UV-visible spectrum is an 

important tool, which gives sufficient structural information on the possible denaturation of heme 

protein [104]. Zhong et al [105] have compared two different electrode materials for glucose 

amperometric biosensor. By using UV-visible spectrophotometry, PANI absorption peak exhibited at 

328 and MWCNT-PANI occur at 630 nm.  

This is due to clearly indicated that a strong interaction between PANI and MWCNT-PANI 

electrode. A typical advantages of ultraviolet visible absorption spectroscopy has been used to detect 

blue shift (520 and 510 nm) of thiol/AuCl4
-
 ratio by used a linear ligand of sodium 3-mercapto-1-

propane sulfonate (MPS)-coated complex (Fig.8) [106]. 

 

 

 

 

7. REAL SAMPLE ANALYSIS 

Table 1. Determination of the concentration of BPA of the water samples using the proposed sensor. 

("Reprinted with permission from (ACS Appl. Mater. Interfaces 7 (2015) 7492-7496). 

Copyright (2015) American Chemical Society”).  

 

 

Sample 

FLD-HPLC 

(ng/mL) 

real value ± SD 

Spiked 

(ng/mL) 

Measured (ng/ 

mL)
a
 

mean
a
 ± SD

b
 

Recovery 

(%) 

 

Tap water 

 

0.2 ± 0.1 

 

0.5 

2 

5 

 

0.67 ± 0.013 

2.15 ± 0.070 

 

5.32 ± 0.23 

 

96.0 

97.5 

102.4 

 

River water 

 

1.2 ± 0.2 

 

0.5 

2 

 

5 

 

1.71 ± 0.027 

3.29 ± 0.15 

 

6.06 ± 0.34 

 

102.0 

104.5 

97.2 

a
The mean of five experiments. 

b
SD = standard deviation. 

 

The DNA based immobilized graphene/cadmium sulphide (DNA/GR-CdS/GCE) electrode, 

which could apply for the electrochemical biosensor applications. The modified electrode has been 
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used to determine the content of phenformin obtained from the commercial tablet. DPV and HPLC 

techniques measured the obtained product of phenformin [107]. The electrochemical DNA nano-

biosensor on water sample has been tested with genotoxicity method, Ames test which is the main tool 

for the analysis of genotoxicity of environmental pollution [108]. Similarly, bioluminescent bacteria 

has been found in waste water sample by immobilized double stranded calf thymus DNA modified 

screen printed electrode [109]. A new modified luteolin (Lu) immobilized on functionalized multi-

walled carbon nanotube modified glassy carbon (f MWCNT/GCE) electrode for real sample analysis, 

especially Lu was studied in pharmaceutical sample, diary products and urine sample [110]. High 

performance liquid charomotography (HPLC) can be used as an analytical technique for the evaluation 

of real sample (Tap and river water) analysis; the evaluated samples are listed in Table.1 [111]. 

 

 

8. KINETIC STUDIES (MICHAELIS-MENTEN) 

Michaelis and Menten have proposed a simple model of reversible reaction of enzyme substrate 

complex and the complex split into product. The rate of kinetic catalytic reaction Km has been 

evaluated by using Lineweaver-Burk equation (Eq.2) [112]. 

cI

K

II Max

M

app

MaxSS


11

                                                                                                              (Eq.2) 

Where SSI steady-state is current after the addition of substrate, C- is concentration of the bulk 

substrate, MaxI is the maximum current and M

appK  value obtained from slope and intercept of the plot of 

reciprocal of the steady-state current. Dong et al [113] have used a new porous nanomaterials of 

zirconium phytate (Zr-IP6) modified with horse radish peroxide (HRP) and nafion (Nafion/HRP/Zr-

IP6) composite electrode was employed to measure the M

appK  value of 0.306 mM.  On the other hand, 

horseradish peroxide (HRP) immobilization on Ag@C core-shell modified with indium-tin oxide 

(HRP-Ag@C/ITO) electrode exhibited higher bioactivity, greater affinity to H2O2 and the calculated 

biosensor of M

appK  value of 3.75 x 10
-5

 M [114]. The immobilization of glucose oxidase with chitosan-

gold nanoparticle film was prepared via electrodeposition method directly through electrochemical 

glucose biosensor application and to estimate M

appK  value of 3.5 mM [115]. Recently the 

electrochemical biosensor analysis of lactase dehydragenase (LDH) immobilized with nano zinc rod 

and gold (Au/Nano ZnO/LDH) has been studied using amperometry method to evaluate the 
M

appK  value 

[116]. 

 

 

 

9. ANALYTICAL PARAMETERS 

Nugent et al [117] have discussed two important parameters for the study of inhibition as well 

as reactivation efficiency. The stock solutions of biological (Acetylcholensterase and methyl 

parathion) molecules were prepared in phosphate buffer solution. The modified electrode was inhibited 
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for 5-10 minutes in 5 ml standard solution of MP or AChCl. This kind of inhibited/immobilized 

electrode, the electrochemical parameter of (%)I can be calculated from the amperometric biosensor 

equation (Eq.3).   

100(%)
0

10 



I

II
I                                                                                                             (Eq.3) 

Similarly, the reactive efficiency (R%) has been estimated the following equation (Eq.4) 

100(%)
10

1 





II

II
R r                                                                                                            (Eq.4) 

By using sensor analysis, Δ is change of biosensors peak current recorded in square wave 

voltammetry method. This is another kind of electrochemical parameter has been identified the 

calculated by the applied equation (Eq.5). 

0

0

I

II 
                                                                                                                            (Eq.5) 

Where 0I  is the biosensor current before the addition of sensor sample and I is the biosensors 

peak current after the addition of sensor sample [118]. Chen et al [119] studied graphene oxide-

dopamine complex to estimate the kd (dissociation constant) value form Langmuir adsorption isotherm 

equation is as follows (Eq.6). 

 

Max

d

Max I

k

I

DA

I

DA









][][
                                                                                                         (Eq.6) 

In order to maintain fragile dopamine bioactivity during the electrochemical measurement 

studies. 

The comparisons of different electrodes, biomolecules, techniques, lower limit of detection and 

accuracy values have been discussed in Table. 2. From the over all studies, glucose biosensors 

exhibited maximum cited literatures have been optimized by amperometric method.  

 

Table 2. Comparison of electroanalytical parameters for various films modified electrode towards 

different analytes 

 

 

S.N

o 

 

Electrodes 

 

Analytes 

 

Methods 

 

LOD 

 

Sensitivity 

 

Ref. 

 

1 GC/CNT/Pt/GOx Glucose Amperometry 0.5 M 2.11 A mA
-1

 [120] 

2 Exfoliated graphene 

nano plate 

Glucose Amperometry 10 M 14.17 AmM
-1

 cm
-

2
 

[121] 

3 SWCNT/Au/Pd Glucose Amperometry 2.3 nM 2.6 A mM
-1

 cm
-2

 [122] 

4 GOx-Graphene-CS Glucose Cyclic 

voltammetry 

0.02 mM 37.93 A mM
-1

 

cm
-2

 

[123] 

5 RGO/Nafion Paraxon Amperometry 0.137 M 10.7 A mM
-1

 [124] 

6 Graphene/Pt Cholesterol Amperometry 0.2 M 2.07 A mM
-1

 cm
-2

 [125] 

7 Graphene/AuNPs/CS Glucose Amperometry 180 M 99.5 A mM
-1

 cm
-2

 [126] 

8 N doped Glucose Amperometry 1.2 M 149 A mM
-1

 [127] 
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CNT/MWCNT 

9 RGO/PPy/PSS-g-PPy Hypoxanthane Amperometry 10 nM 673 A mM
-1

 cm
-2

 [128] 

10 GOx/C60/Fc/CS Glucose Chronoamperomet

ry 

3 nM 234.67 A mM
-1

 

cm
-2

 

[129] 

11 CS-Fc/GO/GOx Glucose Amperometry 7.6 M 10 A mM
-1

 cm
-2

 [130] 

12 Graphene/CNT/Nafio

n/AuPtNPs 

H2O2 SWV 0.17 M 3.7 x 10
2
 A mM

-1
 [131] 

13 Graphene oxide/PB Glucose Amperometry 122 nM 408.7 A mM
-1

 

cm
-2

 

[132] 

14 Graphene-Fe3O4 H2O2 Amperometry 0.6 M 132 A mM
-1

 cm
-2

 [133] 

15 RGO/PB Glucose Amperometry 8.4 M 59 mA M
-1

 cm
-2

 [134] 

 

*GOx– Glucose oxidase; SWCNT-Single walled carbon nanotubes; CS – Chitosan; Ppy – Polypyrrole; 

Fc – Ferrocene;  PB - Prussian blue;  RGO – Reduced graphene oxide; PSS-g-PPy –

Poly(styrenesulfonic acid g- polypyrrole); C60 – Fullerene; SWV- Square wave voltammetry.  

 

10. CONCLUSIONS 

Nanostructured electrodes are an important and promising tool for the analysis of 

electrochemical applications. Especially, in this review we have highlighted to odorize electrode 

materials and the applied electrochemical technique for application in biosensor field. We found 

varying reported literatures have been tabularized with different nanostructured electrodes and its 

bioactive detectivity and sensitivity decorated. The amperometric biosensors of glucose oxidase 

reaction was one of the most cited article of electrochemical biosensor studies. Most of the authors are 

mainly focused on cost effective electrode, lowest limit of detection, high sensitivity and long term 

stability for the evaluation of biosensors applications.    
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