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Abstract 

Amyloid fibrils were produced in a solution of bovine serum albumin (BSA) in buffer 

solution in the presence of fructose. The solution was incubated for 20 weeks in the 

dark. We used glycation induced bovine serum albumin in which fibrilogenesis (nano 

fibrils) followed by using fluorescence (Thioflavin T), Dynamic Light Scattering (DLS) 

and Transmission Electron Microscopy (TEM) to achieve the size and morphology of 

fibrils. A novel electrochemical biosensor for the detection of hydrogen peroxide was 

developed based on immobilizing poly (alizarin yellow R) and amyloid nano-fibrils on 

glassy carbon electrode (PAYR/AMLNFibs/GCE). The electrocatalytic response of the 

biosensor was proportional to the hydrogen peroxide concentration in the range of 1 

µM to 2.2 mM with a limit of detection and sensitivity of 290 nM and 0.024 µA/µM, 

respectively. The modified electrode demonstrated many advantages such as high 

sensitivity, low detection of limit and excellent catalytic activity.  

Keywords: Amyloid nanofibrils; Glycation; Alizarin yellow R; Hydrogen peroxide; 

Electrochemical biosensor                                                                                                    
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1. Introduction 

 Glycation occurs through the Maillard reaction in which a reducing sugar reacts with 

an NH2 on a protein either at the amino group terminus or at the ε-amino group of lysine 

remainders. This results in the formation of Amadori products for reaction with glucose 

or Heyns products for reaction with fructose. These adducts can then further react and 

rearrange to give a spectrum of products known as advanced glycation end products or 

AGEs [1]. Organizing capable bio-structures can be achieved by molecular self-

assembly [2]. Both in vitro and in vivo amyloid fibrils as filamentous ordered 

assemblies are formed by many proteins when subjected to glycation [3-5] . Amyloid 

fibrils offer an energetically stable alternative state for the functionally folded 

monomeric state of many polypeptides and proteins. The proteins and peptides that 

form amyloids undergo a structural transition from native soluble monomeric 

conformations, in many cases via a natively unfolded intermediate, into aggregative 

fibrillary assemblies that have a predominantly β-sheet structure. Basically, amyloid 

fibers are a bundle of highly ordered filaments composed of a stepladder of β strands 

that run perpendicular to the fiber axis and are arranged in hydrogen-bonded β sheets 

(Figure 1A).  

 

 

(Figure 1) 

 

Usually, amyloid fibers have a length of up to a few micrometers and a diameter of 

approximately 7–10 nm. In cross sections, amyloid assemblies appear as ribbons or 

hollow cylinders. The physical measurements of amyloid fibers illustrated that they are 

comparable to silk in mechanical stiffness and comparable to steel in strength [6]. The 

molecular self-assembly of proteins can be accomplished at nano-scale order to provide 

a three dimensional structure. Amyloid fibrils can be used as nano-scaffolds and support 

biological agents such as enzymes [7] for nanotechnology applications including roles 

in catalysis, electronics, plastic, supporting cells and might even be used in therapies 

[8]. 

Amyloid fibrils are thermally stable at high temperatures and different pHs. The long 

and thin fibrils have a high surface-to-volume (and a high aspect) ratio, have usage as 

carrier systems and contain multiple potential ion-binding sites within the amino acid 
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sequences [9-13]. Thus, amyloid fibrils have been successfully explored for a number 

of potential applications such as biosensing, solid functional organic films, hydrogels, 

fibrous cell scaffolds, nanowire production and bioremediation [14-16]. 

Hydrogen peroxide (HP) has been used for paper bleaching and the synthesis of various 

organic compounds as well as an antibacterial agent for many years. HP was used by 

hospitals and dentists in sterilizing and cleaning. Biological organisms are directly 

affected by H2O2 possibly leading to central nervous system diseases. Therefore, the 

development of accurate and reliable methods for determination of HP is assumed to 

be practically important.  Several analytical methods such as chromatographic, 

phosphorescence, fluorescence, spectrophotometric and titrimetric analysis have been 

developed for the detection and determination of hydrogen peroxide. Although these 

techniques clearly determine hydrogen peroxide, electrochemical methods have 

emerged as preferable due to their simple, low cost, high sensitivity and low detection 

limit. 

The electrooxidation or electroreduction of hydrogen peroxide is not appropriate using 

bare electrodes. Bare electrodes show slow electrode kinetics and high over potential 

required for these reactions. To overcome this problem, modified electrodes have been 

extensively used [17]. Many electron transfer mediators, were used for the fabrication 

of amperometric sensors and biosensors to facilitate voltammetric and amperometric 

determination and detection. There are many kinds of materials that can be used as 

electron transfer mediators for the electrocatalytic reduction of H2O2 such as Prussian 

blue and its analogs, polyoxometalates, nano-Au, carbon nano-tube (CNT) and 

Peroxidases often used by conjugating with nano-ZrO2, TiO2, CNT, polymers, non-

ionic surfactant triton X-100, nano-Au and sol–gel. However, some of these methods 

have the complication of electrode fabrication and the disadvantage of slow electron 

transfer process. 

 Organic dyes such as methylene blue (MB), meldola blue and methylene green have 

attracted great attention because of their low-price, fast response and high 

electrocatalytic activity towards the electrochemical detection of HP [18]. 

Some of the polymers such as conducting polymers have acquired considerable 

attention in recent years and deemed to be an important support material for 

electrochemical sensors and biosensors owing to their strong adherence to electrode 

surface, reproducibility, good stability and homogeneity in electrochemical deposition 
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[19]. Electropolymerization is a good method for fabricating modified electrodes by 

polymer via regulating the electrochemical parameters to adjust film thickness and 

charge transport characteristics. Organic dyes as specific conducting polymer with a 

high application potential have become appealing. Many organic dyes including neutral 

red [20-22], toluidine blue [23], alizarin red S [24], congo red [25-26], nile blue A [27], 

thionine [28-29] and pyrocatechol violet [30-31] have been successfully used in 

preparation of electrochemical biosensors and sensors. For instance, Fang et al. [30] 

presented an H2O2 sensor using MWCNTs/poly (pyrocatechol violet) modified 

electrode; Jeykumari et al. [29] reported an HP sensor based on a thionine 

functionalized MWCNTs modified electrode; Sheng et al. [31] reported HP 

determination using pyrocatechol violet modified carbon ceramic electrodes. 

 Alizarin yellow R is an organic dye occasionally used as a pH indicator [32] and 

metallochromic indicator [33]. To the best of our knowledge, the usage of amyloide 

fibrils as a modifier for the fabrication of electrochemical biosensors have never been 

reported. In our research, by combining the benefits of polyalizarin yellow R (as a 

conductive polymer) and amyloide nanofibril (having high surface to volume), the 

resulted PAYR/AMLNFibs/GCE exhibited excellent electrocatalytic activity for the 

reduction of HP. The proposed method presented a number of attractive features for HP 

determination including simplicity, low detection limit, stability, high sensitivity and 

more importantly this biosensor is the first Amyloid fibrils electrode for low level HP 

monitoring. 

 

2. Experimental                                                                                         

2.1. Reagents                                                                                            

Fructose, Alizarin yellow R and hydrogen peroxide were obtained from Aldrich and 

Merck and used as received.  Buffer solutions (0.1 M) were prepared from di- sodium 

hydrogen phosphate (Na2HPO4), sodium dihydrogen phosphate (NaH2PO4), Hydrogen 

chloride (HCl) and sodium hydroxide (NaOH) acquired from Merck. Bovine serum 

albumin (BSA) Fraction V, > 95% protein, Congo red, Thioflavin T (ThT) and Uranyl 

acetate were obtained from, Fluka and PELCO, respectively. Double distillated water 

was used to prepare all solutions. Other chemicals with analytical grade were purchased 

from Sigma or Merck and used without further purification. The bleaching cream as the 

real samples was acquired from a pharmacy.  
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2.2. Apparatus                                                                                          

Electrochemical experiments were performed with a computer controlled µ-Autolab 

modular electrochemical system (Eco Chemie U/techt, the Netherlands) driven with 

GPES software (Eco Chemie). A conventional three-electrode cell consisting of a 

Ag/AgCl [KCl (sat)], Pt wire and (unmodified or modified) glassy carbon were used as 

reference, counter and working electrode, respectively. Transmission electron 

micrographs were recorded on a ZEISS electron microscope (EM 902A) operating at 

70 kV at 22000 ×magnification. A Zetasizer Nano S (Malvern) instrument (5 mW HeNe 

laser, λ=632 nm) was used for assessment of the fibril hydrodynamic diameter (dh). 

The protein fibrillation assessment was achieved by both intrinsic and extrinsic 

fluorescence strategies using Carry Eclipse spectrofluorometer with the band slit 

adjusted to 5 nm.  A personal computer was used for data analysis.        

                                                                                                                                                                        

2.3. Fibril preparation 

Amyloid fibrils were produced in a solution of 0.75 mM BSA in PBS (pH 7.4) in the 

presence of 500 mM fructose. The solution was incubated at 40 ºC for 20 weeks in the  

dark. The BSA solution was used without any carbohydrate as a control [34]. Figure 2 

shows browning through Bovine serum albumin glycation over 20 weeks of incubation. 

All the bottles are clear from time zero to week 20th. The control group (BSA without 

fructose) demonstrated no color changes over the 20 weeks of incubation. After 10 

weeks, the amyloid precipitates were observed at the bottom of the bottles. 

   

Figure 2 

 

 

 

the modified electrode 2.4. Preparation of  

Before modifying the glassy carbon electrode surface, the bare GCE was carefully 

polished successively with No. 1 to No. 6 emery papers and 0.5 µm alumina powder. 

Then, it was sonicated in distilled water and ethanol for 300 seconds to remove 

adsorbed particles. This was followed by adding 50 µL amyloid nano fibril solution to 

3 mL buffer solution and ultra-sonicating it for 3 min to form a homogeneous amyloid 
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nano fibril solution. Next, 2 µL of this solution was placed on the electrode surface and 

dried at laboratory temperature.  

                                               

2.4.1. Electropolymerization of the alizarin yellow R on AMLNFibs / GCE  

The electropolymerization of alizarin yellow R was performed in the presence of 

alizarin yellow R in phosphate buffer at the range of potential -1.0 to 1.2 V on 

AMLNFibs/GCE at pH 11. As Figure1B illustrates, a reduction peak and two oxidation 

peaks were observed. 

Furthermore, with continuous scanning, the oxidation and reduction peak currents were 

increased. This demonstrates that the continuous growth of the poly (alizarin yellow R) 

was successfully deposited on the AMLNFibs/GCE. When the cyclic scan was scanned 

up to 12 cycles, the oxidation and reduction peak currents hardly grew which indicated 

that polymerization did not occur. Thus, the cyclic scan of 12 was selected to fabricate 

the PAYR/AMLNFibs/GCE.   

 

 

3. Results and discussion 

3.1. Characterization of Nano-fibril                                                    

3.1.1. Fluorescence analysis 

Glycation induced fibrillation of BSA was used to provide fibrilar nano-scaffold needed 

for the immobilization process. The extent of fibrillation was confirmed using various 

methods. In the presence of fructose, a single molecule of BSA is spontaneously and 

non-enzymatically glycated and rearranges to form the soluble/toxic pre-fibrils. These 

pre-fibrils ultimately form the non-soluble/non-toxic fibrils [35-36]. In a ‘‘bottom-up’’ 

strategy, glycation products aggregate orderly to form complex supra-molecular 

assemblies which precipitate in the form of non-soluble fibrils in a time dependent 

manner [34,37]. At the early stage of glycation, the carbonyl groups from reducing 

sugar side groups and mostly lysine ε-amino groups from protein-side chains react to 

form Schiff bases which rearrange to form Amadori products. These oxidized and 

reorganized product species are referred to as AGEs [38]. The formation of the AGE 

species as the function of time (weeks) is routinely confirmed by the development of 

β-structures using Congo red binding, and intrinsic fluorescence (λex/em= 450/490 nm) 

[39- 40]. As expected, a linear increase was observed up to 16 weeks of incubation [34, 

37]. The results of benzothiazole dye and thioflavin T (ThT)-based extrinsic 
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fluorescence assay as the primary method of quantifying amyloid nano-fibril formation 

[33 35] is shown in Figure 3A. These binding assays further confirmed the development 

of a nano-fibril. 

Furthermore, Congo red (CR) is a commonly used amyloid dye. There is currently no 

experimentally available structure of CR bound to an amyloid fibril and the binding 

manners are poorly understood. Both red shift and increasing absorbance at 530 nm in 

the presence of Congo red can confirm amyloid formation. In this experiment Congo 

red was used to approved amyloid formation over 20 weeks. The test was carried out 

every 5 weeks. Red shift and increasing absorbance was significantly observed during 

incubation time (Figure 3B).  

 

 

 

(Figure 3) 

 

3.1.2. Transmission Electron Microscopy (TEM) 

Glycated bovine serum albumin was placed on 300-mesh grids. After 1 minute, the 

buffer was wicked out using filter papers followed by staining samples with uranyl 

acetate (1%) [7]. TEM images of aggregates revealed aggregation stages from short to 

long fibrils and from long fibrils to light-scattering fibrils after 20 weeks of incubation 

(Figure 3C). 

 

 

 (DLS) 3.1.3. Dynamic Light Scattering 

) was taken in a low 1–). The glycated BSA (0.5 mg.mlhydrodynamic diameter (dh

volume disposable cuvette (1.5 ml volume, path length 1 cm) [1, 7,8]. The 

hydrodynamic diameter of the mature nano-fibrils at week 20 of incubation was 

determined using dynamic light scattering (DLS) at the detection angle of 632 nm 

relative to the incident beam. The DLS image of amyloid fibers with an average size 

of 10 nm can be seen in Figure 3D. 
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3.2. Electrochemical characterization of PAYR/AMLNFibs/GCE  

For the electrochemical characterization of different electrodes, electrochemical 

impedance spectroscopy (EIS) was used. Figure 4A shows the impedance spectra 

represented as Nyquist plots (Zim vs. Zre) for bare GCE (Fig.4A-a), AMLNFibs/GCE 

(Fig.4A-b), PAYR/AMLNFibs/GCE (Fig.4A-c) and PAYR /GCE (Fig.4A-d) 

composite film modified electrode in 5 mM Fe(CN)6 
3-/4- at 0.22 V and in the frequency 

range of 0.01 to 104 Hz.  

                                              

In the EIS curves, the semicircle portion regarding electron transfer limited process and 

its diameter is equal to the electron transfer Rct which controls electron transfer kinetics 

of redox probe at the electron interface. The EIS data of the three electrodes were fitted 

on a simple equal circuit shown in the Scheme (Figure 4A - Inset). 

 In the EIS methods, Rct, C and Rs demonstrate charge transfer resistance, double layer 

capacitance and the solution resistance, respectively.  

(Figure 4) 

 

As observed in the Nyquist plots (Fig.4A), the semicircle of bare electrode (Rct = 5.53 

KΩ curve 4A- a) showed the diffusion limiting step of the electrochemical process 

increase for AMLNFibs/GC (Rct = 8.5 KΩ curve 4B-b) and dramatically decrease for 

PAYR/ GCE (Rct= 0.0766 KΩ curve 4A-d). When the PAYR/AMLNFibs 

nanocomposite was immobilized onto the surface of the electrode (Rct = 4.1 KΩ curve 

4A-c), the EIS curve diameter became smaller than that of the AMLNFibs and bare GC 

electrodes. These findings suggest that electron transfer in the PAYR/AMLNFibs /GCE 

is easier between the surface of electrode and the solution and PAYR/AMLNFibs raises 

electron transfer confirming the formation of a new layer on the surface of the glassy 

carbon electrode.  

 

3.3. Electrocatalytic oxidation of hydrogen peroxide on PAYR/AMLNFibs /GCE 

In order to investigate electrocatalytic activity, PAYR/AMLNFibs modified GC 

electrode cyclic voltammetry was used. For comparison, the cyclic voltammograms of 

unmodified and modified electrodes in the absence and presence of 2.3 mM HP in a 0.1 

M buffer solution of pH 6 is illustrated in Figure 4B. For bare GCE in the absence (4B-

a) and the presence (4B-b) of HP, no observable reduction current of HP was observed. 
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For PAYR /GCE (4B-d), a very low reduction current was observed for the 

electroreduction of HP. For the electrode modified with AMLNFibs (4B-c), a reduction 

peak was not observed. Remarkably, at the PAYR/AMLNFibs/GCE (4B-e), a higher 

reduction current of HP was shown.  

A notable negative shift of the cathodic peak potential and dramatic increment of 

current indicated excellent electrocatalytic capability of PAYR/AMLNFibs for HP 

reduction. 

In order to optimize the conditions of the hydrogen peroxide electroreduction at the 

surface of modified electrodes, the effects of pH solution on the catalytic reduction of 

hydrogen peroxide on the surface of the modified electrode were studied. The CVs of 

a 500 µM solution of hydrogen peroxide at different pH values (from 4 to 8) at the 

PAYR/AMLNFibs modified GC electrode was recorded (not shown).  

Since a high electrocatalytic peak current was observed at pH= 6, the hydrogen 

peroxide analysis was carried out at physiological pH 6 in this research.  For evaluating 

the electrocatalytic activity of PAYR/AMLNFibs, the cyclic voltammograms of the 

modified electrode in the presence of different concentrations of H2O2 (from 50 to 2100 

µM) were examined at scan rate of 30 mV/s  )Fig.5A). As observed, the HP reduction 

peak current increased by increasing HP concentration in the buffer solution.   

This resulted in a linear curve (inset of Figure 5A) of catodic peak current vs hydrogen 

peroxide concentration with a regression equation of I (µA) = -0.0009 [hydrogen 

peroxide] µA µM-1 – 3.2512 µA, R2= 0.9823.  

Based on the findings, it can be inferred that the detection of hydrogen peroxide at low 

concentration was facilitated due to the presence of the immobilized PAYR/AMLNFibs 

nanocomposite at the surface of GC electrode.  

                                                                       

                                                                  (Figure 5( 

 

Figure 5B shows the cyclic voltammograms of 500 µM hydrogen peroxide in a buffer 

solution of pH 6 at different scan rates. The inset of Figure 5B illustrates that the catodic 

peak current for reduction of hydrogen peroxide is proportional to square root of the 

scan rate (v1/2) showing that the process is controlled by diffusion as expected for a 

catalytic system.  
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3.4. Amperometric detection of hydrogen peroxide at PAYR/AMLNFibs /GCE  

The amperometry method along with stirred condition is much more current sensitive 

than cyclic voltammetry. Thus, this method was used in order to assess the low 

detection limit. The electrocatalytic reduction of hydrogen peroxide by poly 

PAYR/AMLNFibs modified GC electrode was implemented amperometrically for 

rotating modified electrode using an applied potential of -0.45 V. 

 Figure 6 A and B show the typical steady-state catalytic current time response of the 

rotated modified electrode (2000 rpm) with successive injection of hydrogen peroxide 

at an applied potential of -0.45 V vs. Ag/AgCl reference electrode.  

The results show that a good defined response was obtained during the consecutive 

addition of 150 µM of hydrogen peroxide. The findings also demonstrate the efficient 

catalytic property of the PAYR/AMLNFibs immobilized on the surface of GC 

electrode. As revealed, there is a linear relation between current and hydrogen peroxide 

concentrations in the range of 1 µM – 2.2 mM (Figures 6 a and b), while for a higher 

concentration of hydrogen peroxide, the plot of current vs. HP concentration deviates 

from linearity. The linear least squares calibration curve over the range 1–20 µM (20 

points) is I (µA) = 0.0198 [hydrogen peroxide] + 0.0935 µA with a correlation 

coefficient of 0.9849 indicating that the regression line is very well fitted with the 

experimental data. In addition, the regression equation can be used for determination of 

unknown samples. The detection limit (signal to noise of 3) and sensitivity were 290 

nM and 0.024 µA/µM, respectively [44]. 

 

 

      (Figure 6) 

 

 

3.5. Comparison of the proposed biosensor with those of previous electrochemical 

methods 

Table 1 compares the limit of detection, linear range and sensitivity of the proposed 

biosensor for hydrogen peroxide determination with those of other hydrogen peroxide 

electrodes previously reported [45-53]. As can be seen from this table, the detection 

limit of the proposed electrode is lower than all of the electrodes mentioned in this table 

except for items 48 and 53. Moreover, the linear range is better than that of items 46, 
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47, 50 and 52 and the sensitivity parameter calculated was better or comparable with 

that of other electrodes.  

             (Table 1)        

 

3.6. Determination of H2O2 in real samples 

To use the proposed biosensor, the determination of H2O2 at various milk samples using 

cyclic voltammetric method was evaluated. The concentration of H2O2 in the two 

different milk samples purchased from the market were investigated. The samples were 

spiked with 50 M and 70 M of H2O2 and the recovery of H2O2 was calculated. The 

hydrogen peroxide concentration determined in samples using our proposed electrode 

is listed (Table 2). First, a blank milk sample was evaluated in the same way but did not 

show any current response. The RSD and excellent recoveries reported in Table 2 

clearly indicated the reliability of the proposed biosensor for determination of HP  in 

milk samples  

     

  (Table 2)        

3.7. Repeatability and lifetime 

The lifetime and repeatability of the PAYR/AMLNFibs /GCE were calculated at H2O2 

concentration of 50 µM. The R.S.D obtained was 5% for five successive assays. The 

stability and lifetime of the biosensor were estimated by measuring the response current 

of the biosensor after one week and one month and the observed decreases in the 

electrode response were 96.1% and 91.5% of initial current, respectively. 

 

4. Conclusion 

In conclusion, we introduced a novel modified electrode based on immobilizing of 

amyloid nanofibriles onto electrode surface. The glycation reaction and the 

electropolymerization method were used for preparation of amyloid nanofibril and 

polyalizarine, respectivly. The TEM and DLS measurements revealed the formation of 

amyloid nanofibriles. The PAYR/AMLNFibs /GCE showed efficient catalytic activity 

in the electrochemical reduction of hydrogen peroxide. The best reduction peak current 

was observed at neutral pH. As observed in Table 1, the proposed electrode has greater 

advantages than that reported in this Table. This method could be extended to other 

nanofibrils and has potential usage in the design of electrochemical biosensors for other 

samples. 
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Legends to the Figures: 

Figure 1. (A) The formation of amyloid fibrils. Anatively folded monomer undergoes 

a conformational transition into a β--sheet-rich state, usually through a partial unfolded 

state. Self-assembly of these intermediates into ladders of β- strands results in the 

formation of ordered filaments that aggregate into the well-known amyloid fibrils. 

(B) The continuous CVs for the electropolymerization of alizarin yellow R on GCE in 

                                                                                            .−10.1 M phosphate buffered (pH11) at 100 mVs 

Figure 2. Bovine serum albumin glycation over 20 weeks of incubation.                            

Figure 3. (A) Fluorescence spectra of (a) nonglycated and (b) glycated albumins; (B) 

Congo Red absorbance spectra during incubation time; (C) TEM image of nanofibrils; 

(D) The Dynamic light scattering of nano-fibrils. 

                                                                          

Figure 4. (A) Electrochemical impedance spectroscopy (EIS) of bare GCE (Figure 3A-

a), AMLNFibs/GCE (Figure 3A-b), PAYR/AMLNFibs/GCE (Figure 3A-c) and PAYR 

/GCE (Figure 3A-d) in 5 mM probe Fe (CN)6
4-/3-.                                                                                                                

(B) Cyclic voltammetry response of unmodified electrode in the absence (a) and 

presence (b) of hydrogen peroxide, and (c) AMLNFibs (d)PAYR(e)PAYR/AMLNFibs 

30  of scan rateat  hydrogen peroxideelectrode in the presence 50 µM of  modified GC

                                                                                                                          6. , pH=1-mVs 

Figure 5. (A) Cyclic voltammogram of PAYR/AMLNFibs modified GC electrode in 

pH = 6 buffer containing different concentration of hydrogen peroxide from 

50,200,300,400,500,600,800,1000,1200,1400,1600,1800 and 2100 µM. Inset shows 

plot of peak current vs, hydrogen peroxide concentration at scan rate of 30 mVs-1                                           

(B) Cyclic voltammetry response of a GCE modified with PAYR/AMLNFibs modified 

GC in a phosphate buffer (pH 6) containing 500 µM of hydrogen peroxide at different 

plot of peak current illustrates  . Inset1-100 mVs-(from inner to outer) 10of scan rates 

                                                                                                                                   .1/2vs, v 

Figure 6. Amperometric response at rotating poly PAYR/AMLNFibs modified GC 

electrode (rotation speed of 2000 rpm) held at -0.45 V in buffer solution (pH6) for 

successive addition of (A) 150 µM hydrogen peroxide and (B) 1 µM hydrogen peroxide 

(a and b). Plot of amperometric currents vs. hydrogen peroxide concentrations. 

Table 1. Analytical parameters of several modified electrodes for determination of 

hydrogen peroxide.                                                                                                          

Table 2. Determination of H2O2 in milk 
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Electrode LOD (nM) 
Sensivity 

nA/µM 

Dynamic 

linear range 

 

Ref. 

 

GC/MWCNTs/NiO/ 

Catalase 

 

 

 

nM  310×19

 

 

 

A μ337.58
2−cm 1−mM 

 

 

 

   

0.20 to 

2.53mM 

 

 

45 

nickel hydroxyl-oxide 

modified n-silicon 

2.2 μM _ to  −51.0×10

M −56×10 

46 

polynucleotide-

templated silver 

nanoclusters/graphene 

3 μM _ 15 μM to 

23 mM 

47 

aryl diazonium 

salts/SWNTs modified 

gold electrodes 

10 nM _ 0.01 to 24 

 μM 

48 

microperoxidase-11 

immobilized in a silica 

cavity 

M −74×10 _ to  −62×10

M. −46×10 

49 

carbon–maghemite 

nanoparticle electrode 

2.78 μM −1μM nA 58 

−2cm  

0.01 

to1.5 mM 

50 

Azure A/gold 

nanoclusters 

 

6−10×1.08

M 

 

_ M 6−10×3.26

to 

M3−10×3.2 

 

51 

Catalase-MWCNTs 4000 nM  1−A mMμ3.3
2−cm 

0.01 to 

0.1mM 

52 

 

RuO/Riboflavine/GCE 

 

150 nM 

 
−1μM nA 35 

 

0.15µM to 

3mM 

 

53 

poly (alizarin yellow 

R)/nao-fibs/GCE 

290 nM 0.024 µA/µM 1 μM to 

2.2 mM 

This work 

 

 

 

Table.1 
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M)added( 2O2Sample                         H 

        

b       M)found ( 2O2H    Recovery 

(%)             

 50 1 

 

 

  

 70   2 

  

49. 9 ± (2.4)  

 

 

 

71.25 ± (2.02)           

99.8 

 

 

 

101.7 

   
bAverage of two determinations ± relative standard deviation. 

 

 

 

 

Table.2 
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Highlights 

►Amyloid nanofibriles were prepared by reaction between reducing sugars and amino 

groups of protein for 20 weeks ► For the first time, Amyloid nanofibriles and 

polyalizarine yellow R were immobolized on to the surface of electrode for fabrication 

of electrochemical biosensor►The biosensor was used for enhanced electrocatalytic 

reduction and detection of hydrogen peroxide► The biosensor was applied for analysis 

of hydrogen peroxide in real samples. 
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