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Abstract- A novel method for determination of tyrosine in flow-injection systems has been 

developed. A europium oxide nanocomposite carbon paste electrode was used to improve the 

sensitivity of the electrode response. Signal to noise ratio has significantly increased by 

application of discrete FFT method, background subtraction and current-time integration of 

the electrode response over a selected potential range. The effects of various parameters on 

the sensitivity of the method studied. The best response was obtained in pH=7.0, potential 

scan rate=1 Vs
-1

, accumulation time=0.5s, and accumulation potential=-500 mV. Detection 

limit was 6.6×10
-9 

mol L
-1

 of tyrosine. The technique has good accuracy and high sensitivity. 
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1. INTRODUCTION  

Tyrosine or L-2-amino-3-(4-hydroxyphenyl) propanoic acid (Scheme 1) is a non-essential 

amino acid with a polar side group [1]. Tyrosine, which can also be synthesized in the body 

from phenylalanine, is found in many high-protein food products such as chicken, turkey, 

fish, milk, yogurt, cottage cheese, cheese, peanuts, almonds, pumpkin seeds, sesame seeds, 

soy products, lima beans, avocados, and bananas [2]. Tyrosine is a precursor of the thyroid 
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hormone thyroxine and catecholamine neurotransmitters, enhancing mood and cognitive 

function especially under situations involving stress or when dopamine, epinephrine or 

norepinephrine levels require additional support [3]. Tyrosine supplementation may be of 

great therapeutic importance in depression, hypertension, stress, cognitive function and 

memory, Parkinson’s disease, phenylketonuria, and narcolepsy. The determination of 

Tyrosine was studied by spectrophotometric, fluorimetric, flow injection, 

chemiluminescence, liquid chromatography-tandem mass spectrometry, gas 

chromatography–mass spectrometry and high-performance liquid chromatography and 

electrochemical methods [4-10]. Here we introduce a simple, sensitive, and inexpensive 

approach for the rapid detection of Tyrosine [11]. The presence of nanoparticles in the matrix 

of carbon paste of an electrode provides an environment for the enhanced electrocatalytic 

activities. Also using Fast Fourier Transform stripping continues voltammetric technique 

provides a more sensitive detection method [12]. Using the fast Fourier transform (FFT) 

method was found very sensitive system in combination by electrochemical method for trace 

analysis of compounds. The adaptation of this technology to tyrosine sensor in a flow 

injection analysis (FIA) can provide a substantial improvement for rapid detection of 

tyrosine. This paper describes a fundamentally different approach toward the tyrosine 

measurement, in which the detection limits. Also, in this way, some of the noises are digitally 

filtrated and decrease the bandwidth of the measurement. The method is formulated to 

separate the voltammogram of the background signal in frequency domain by using discrete 

fast FFT procedure. Thus, improvement in the signal of the analyte was gained by integration 

of the response in a selected potential range of the voltammogram.  

 

NH2
OH

O

OH

 

Scheme 1. Chemical structure of tyrosine  

 

Some electro-active lanthanide oxide nanoparticles series such as cerium or europium oxide 

can be a good candidate for enhancing the electrochemical signal. In this work, europium 

oxide nanoparticles (Eu2O3 NPs) was synthesized and used as a modifier in the composition 

of a carbon paste electrode.  
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2. EXPERIMENTAL 

2.1. Reagents 

All chemicals of analytical grades were purchased from Merck Co. Tyrosine and its 

pharmaceutical formulations were obtained from a local company in Iran. Dobelly distilled 

water was used during the experiments. The 0.1
 
mol L

-1
 phosphate buffer solution with 

pH=7.0, as the background electrolyte solution was prepared by mixing stock standard 

solutions of K2HPO4 and KH2PO4 and fitting the pH with H3PO4 or NaOH. All the solutions 

were made of background electrolyte solution freshly every day. A 1.0×10
-3 

mol L
-1

 tyrosine 

solution was prepared daily by dissolving 0.0181 g tyrosine in background electrolyte 

solution and the solution was diluted to 100 mL with background electrolyte solution in a 100 

mL volumetric flask. The solution was kept in a refrigerator at 4°C in dark. More dilute 

solutions were prepared by serial dilution with running buffer to give final concentrations 

range of 0.001-100 µmol L
-1

 [13]. 

2.1.1. Synthesis of europium oxide nanoparticles  

Aqueous europium nitrate solution was prepared by dissolving europium oxide powder in 

an appropriate amount of nitric acid with the aid of ultrasound radiation. This solution was 

diluted by ethanol and added to polyvinyl alcohol 20 wt% water solutions under vigorous 

stirring in a glass beaker. This mixed solution was heated up to 90°С and stirred for 2 h. By 

condensation of the hydroxyl network (by giving off water) gelation was achieved and a 

dense porous gel was obtained. The gel was dried in oven at 110°С and then the dried gel was 

calcined at 400°С for selected time periods to obtain europium oxide nanoparticles. 

 

 

 

Fig. 1. The SEM image of europium oxide nanoparticles 

 

2.1.2. Characterization of the Eu2O3 NPs 

The overall appearance and surface morphology of the europium oxide nanoparticles was 
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studied by SEM, as shown in Fig. 1. As it can be observed, the NPs are spherical in shape 

with average particle size ranging between 40 and 55 nm and have uniform surface with 

narrow size distribution.   

 

2.2. Instrumentation 

Electrochemical instrument, ultra voltammetry, a homemade potentiostate were used for 

the present voltammetric measurements. All electrochemical experiments were done using a 

setup included of a PC PIV equipped with a data acquisition board (PCL-818H, Advantech 

Co.) was used to output an analog waveform to the working electrode and acquire current 

readings from the working electrode that connected to a custom made potentiostate. The 

measurement system was controlled by a PC PIV for acquiring and saving the data. During 

the experiment, the potential waveform was repeatedly applied to the sensor. Further, in this 

detection setup, the data were processed and plotted in real time, and stored, and then the data 

could be loaded and plotted the voltammograms [14].  

 

2.3. Carbon paste electrode preparation  

The modified europium oxide nanoparticles carbone paste electrode (Eu2O3NPs/CPE) 

was prepared by mixing of 0.065g graphite powder, 0.005 g Eu2O3NPs, and 0.03 mL paraffin 

oil. The components mixed for 60 min until a uniformly-wetted paste was obtained. The paste 

was then packed into a polytetrafluorethylene tube. Electrical contact was made by pushing a 

copper wire down the polytetrafluorethylene tube into the back of the mixture. The surfaces 

of all CPEs were polishing it on a weighing paper and rinsed with twice distilled water prior 

to each measurement. The unmodified CPE was prepared in a similar way using 0.07 g 

graphite powder and 0.03 mL paraffin oil (70/30) (w/w) [15]. The europium oxide 

nanoparticles were synthesized based on the procedure which is described as followed. The 

surface morphology of the modified electrode is shown in Fig. 2.  

 

2.4. Flow Injection Setup 

The flow injection setup included a 8 roller peristaltic pump (UltrateckLabs Co. Iran) and 

a six-way injection valve (Supelco Rheodyne Model 5020) with a 100 μL sample injection 

loop. Solutions were introduced into the sample loop by means of a plastic syringe. The 

electrochemical cell used in flow-injection analysis is shown in Fig. 3. The volume of the cell 

was 500 μL. All experiments were done at the flow rate of running solution 2.0 mL min
-1

 

[16]. 

 



Anal. Bioanal. Electrochem., Vol. 6, No. 1, 2014, 43 - 53                                                       47 

 

 
 

Fig. 2. The SEM image of carbon paste electrode surface for the distribution of the particles  

 

 

Fig. 3. Diagram of the used electrochemical cell 

 

2.5. Data Acquisition and Processing  

The diagram of applied waveform potential and its description is explained in our 

previous papers [17-21]  . Signal calculation in this method is based on the integration of net 

current changes over the scanned potential range. In this case, the current changes (result of 

injected analyte) at the voltammograms are caused by oxidation and reduction of analyte take 

place at the electrode surface. However, the selectivity and sensitivity of the analyte response 

expressed in terms of ∆Q strongly depends on the integration limits. One of the important 

aspects of this method is the application of a special digital filtration, which is applied during 
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the measurement. In this method at first, a CV of the electrode was recorded and then by 

applying FFT on the collected data, the existing high frequency noises were indicated. 

Finally, by using this information, the cutoff frequency of the analog filter was set at a certain 

value where the noises were removed from the CV [22]. 

 

3. RESULT AND DISCUSSION 

3.1. The behavior of electrochemical reaction of tyrosine on modified Eu2O3 NPs carbon 

paste electrode 

The voltammogram of tyrosine on the unmodified CPE showed one oxidation peak (P in 

Fig. 4b) at 700 mV. The anodic peak (P) is due to the oxidation of hydroxyl group of 

Benzenic ring. It was found that modification of carbon paste electrode with europium oxide 

nanoparticle enhances signal of tyrosine oxidation. The electrode process on the surface of 

the unmodified electrode is slow which the cause of observation of oxidation peak at 700 mV 

(peak P), but on the modified electrode due to the electrocatalytic activity of Eu2O3 NPs, the 

current is enhanced (peak P´). The results are shown in Fig. 4.  

 

Fig. 4. The voltammograms of 1.0×10
−5

 mol L
-1

 tyrosine on the Eu2O3 (a) modified carbon 

paste electrode (b) unmodified carbon paste electrode  

 

Fig. 5 shows the three-dimensional figure of redox behavior of tyrosine in a flow 

injection system on the Eu2O3 NPs modified carbon paste electrode in 0.1 mol L
-1

 phosphate 

buffer, caused by the addition of a solution of 100 µL of 3.0×10
-5

 mol L
-1

 tyrosine which was 

recorded by FFT-Stripping Voltammetric method. 
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3.2. Optimization of the pH of the solution 

The electrochemical behavior of tyrosine is dependent on the pH value of the solution. 

The relationship between Epa and pH is shows that with the increase in pH values, anodic 

peak potential shift towards negative until pH reaches 7.0. However, Epa shifts positively 

when pH is more than 7.0 because OH group of tyrosine begins to dissociate and cannot be 

oxidized easily in strong basic solution. The experiments also showed that the largest 

oxidation peak current of tyrosine was obtained at pH 7.0. Therefore to get higher selectivity 

and to simulate the biological environment, pH 7.0 was used for all subsequent experiments 

in this work [23,24]. 

 

0
50

100
150

200

250

300 0

200

400

600

800

1000

1200-3

0

-2

0

-1

0

0

10

20

30

40

50

60

70

80

-3

0

-2

0

-1

0

0
10

20

30

40

50

60

70

80

Time /s

P
ot

en
tia

l /
m

V

C
u
rr

e
n
t 
/

A

Injection of tyrosine solution

   
   

   
   

   
   

   
In

te
g
ra

ti
o
n
 R

an
g
e 

   
   

   
   

 

 

Fig. 5. The three-dimensional figure of redox behavior of tyrosine in a flow injection system 

on the Eu2O3NP/CPE in 0.1 mol L
-1

 phosphate buffer pH 7.0 

 

3.3. Effect of accumulation potential 

The dependence of the peak current on the accumulation potential was appraised over the 

range of -100 to -11000 mV for 1.0×10
-5

 mol L
-1

 of tyrosine at 0.1 mol L
-1

 phosphate buffer 
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pH 7.0 (Fig. 6). 

The ∆Q value is maximum for an accumulation potential -500 mV and after that the 

current decrease, hence, the potential -500 mV was chosen as the best accumulation potential 

[25]. 

 

3.4. Effect of accumulation time 

The aim of accumulation time is pre-concentration. The dependence of peak current on 

accumulation time was investigated at concentration level of tyrosine 1.0×10
-5

 mol L
-1

. As 

shown in the (Fig. 7). The peak current increased with increasing accumulation time till 0.5s 

and after that it decrease. If the accumulation time last longer than expected, to the reason of 

saturated of the carbon paste electrode by analyte, electrode will be polluted. Hence, an 

accumulation time of 0.5s were selected to appraise the best work conditions [26].  
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Fig. 6. Effect of the accumulation Potential on the peak current in the presence of tyrosine 

solution 1.0×10
-5

 mol L
-1

 at 0.1 mol L
-1

 phosphate buffer pH 7.0 

 

3. 5. Validation 

The validation of method is done by parameters like linear dynamic range, limit of 

detection (LOD), precision, accuracy, ruggedness/robustness, recovery and selectivity. 
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Fig. 7. Effect of the accumulation time on the peak current in the presence of tyrosine 

solution 1.0×10
-5

 mol L
-1

 at 0.1 mol L
-1

 phosphate buffer pH 7.0 

 

3.5.1. Linear dynamic range 

Linearity was estimated by linear regression analysis, calculated by the least square 

regression method. According to calibration curves with the equation of y = 0.0047x + 0. 953 

for tyrosine, the range of 1-200 nM is achieved. Peak areas of tyrosine were plotted versus its 

concentration and linear regression analysis carried out on the final curve. A correlation 

coefficient of R
2
=0.998. (Fig. 8) [27]. 
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Fig. 8. Calibration curve for tyrosine in 0.1 mol L
-1

 phosphate buffer, pH 7.0 under optimum 

condition at flow-injection system 
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3.5.2. LOD  

LOD is the lowest measurable amount of analyte that its signal is different from blank 

response. A limit of detection was confirmed by calculations based on the standard deviation 

of the response (δ) and the slope (S) of the calibration curve at the levels approaching the 

limits according to the equation LOD=3.3 (δ/S). The LOD for tyrosine was 6.6 nM.  

3.5.3. Precision 

Precision is the assay of repeatability and reproducibility. Repeatability was investigated 

by injecting nine replicate samples, each of the 70 and 150 nM standards, where the mean 

concentrations were found to be 73 and 152 nM with associated %R.S.D. of 0.3 and 1.2. 

Intraday precision was assessed by injecting the same tow concentrations over 3 consecutive 

days, resulting in mean concentrations of tyrosine of 76 and 154 nM and %R.S.D. of 0.54 and 

1.7 respectively. 

 

4. CONCLUSION 

Application of nanoparticles in the carbon paste electrode structure caused to improve of 

tyrosine signal. On the other hand, FFTCV the S/N ratio is enhanced by using fast Fourier 

transform of the analyte and signal integration, as the result the detection limit was very 

good. This method was a sensitive and accurate method which can use for determination of 

other electro-active drugs. 
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