
  
Portugaliae Electrochimica Acta 2020, 38(1), 29-42 

 
DOI: 10.4152/pea.202001029 

PORTUGALIAE 
ELECTROCHIMICA 

ACTA 
ISSN 1647-1571 

 

 

An Electrochemical Sensor Based on Reduced Graphene 
Oxide Modified Carbon Paste Electrode for Curcumin 

Determination in Human Blood Serum 
 

Mostafa Rahimnejada,* , Rosan Zokhtareha,  
Ali Akbar Moghadamnia b and Maryam Asgharyc 

 
 

a Biofuel & Renewable Energy Research Center, Department of Biotechnology, Faculty of 
Chemical Engineering, Babol Noshirvani University of Technology, Babol, Iran 

b Department of Physiology & Pharmacology, Babol University of Medical Sciences, Babol, Iran 
c Department of Analytical Chemistry, Faculty of Chemistry,  

University of Mazandaran, Babolsar, Iran 
 

Received October 29, 2017; accepted June 12, 2018 
 

 

Abstract 

A sensitive, accurate electrochemical sensor based on reduced graphene oxide modified 
carbon paste electrode (RGO/CPE) was developed to measure curcumin levels in 
human blood serum. The as-prepared electrode (RGO/CPE) was verified to outperform 
bare carbon paste electrode (CPE), with increased oxidation and reduction peaks at 
+0.505 V and +0.408 V, respectively. Curcumin measurement was performed using 
cyclic voltammetry (CV) and differential pulse voltammetry (DPV) techniques. 
RGO/CPE showed a desirable linear response towards curcumin, within the 
concentration range of 10-6000 µM; the detection limit (S/N = 3) was 3.183 µM. 
Moreover, electrochemical impedance spectroscopy (EIS) and field emission scanning 
electron microscope (FESEM) were applied to gain further insight into the 
electrochemical behavior of the proposed electrode. The results revealed that the usage 
of RGO caused increased sensitivity of the sensor response to curcumin; therefore, 
RGO/CPE can be considered a promising electrochemical sensor for curcumin 
determination in human blood serum. 
 
Keywords: curcumin, reduced graphene oxide, carbon paste electrode, electrochemical 
sensor, differential pulse voltammetry. 

 

 
Introduction 
Curcumin is derived from a plant called Turmeric, which belongs to the ginger 
family [1]. In addition to being a spice, preservative, and a coloring agent, it has 
been known for thousands of years for its wide range of applications in treating 
different types of diseases [2-4]. The main origin of turmeric plant is eastern 
India and China. However, it is also cultivated in many tropical areas, such as 
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Malaysia, Indonesia, Pakistan, Africa and South America [5-7]. The yellow color 
of turmeric is mainly due to a group of polyphenols called curcuminoids. 
Curcumin, demethoxycurcumin and bisdemethoxycurcumin are the curcuminoids 
in turmeric, which are different in terms of substitution of the methoxy group on 
the aromatic rings in the turmeric structure [8-10]. Curcumin is the most active 
component of turmeric, and it is also its main therapeutic agent [11-12]. 
Following various studies on the therapeutic benefits of curcumin, it has been 
found that this compound has anti-inflammatory [13], antibacterial [14] and 
antioxidant properties [15], and it can heal wounds and infections [16]. In 
addition, curcumin has also been used against diseases, including allergies, 
depression, colitis, diabetes, nephrotoxicity, Alzheimer, psoriasis, cardiovascular 
diseases, multiple sclerosis (MS), and AIDS [17-20].  
Active oxygen radicals, including the anions of superoxide and hydroxyl 
radicals, are involved in the development of arteriosclerosis and carcinogenesis. 
Therefore, removing these active radicals is effective in preventing 
cardiovascular diseases, as well as cancers [21-23]. In comparison to vitamins C 
and E, curcumin has a far more powerful antioxidant activity, and results in the 
synthesis inhibition of free radicals, as well as in their deactivation and removal 
[24-25].  
One of the most important properties of curcumin is its high potential in 
preventing the development of cancers, and helping in the treatment of these 
diseases, as well as decreasing the unwelcome chemotherapy side effects [26-
27]. Curcumin performs its anticancer activity inhibiting inflammatory pathways, 
stopping cellular cycles, inducing apoptosis, and inhibiting angiogenesis, as well 
as metastasis in cancerous cells [28]. This compound has proved to be effective 
in treating a wide variety of cancers, including blood, prostate, uterus, lung, liver, 
kidney, ovarian, and pancreatic cancers [29-31].  
Considering the positive characteristics of curcumin, and its role in preventing 
and treating different diseases, it is quite important to find an effective 
identification method for its determination. Various analytical methods have so 
far been used for the detection of this compound, including high performance 
liquid chromatography [32], capillary electrophoresis [33], ultraviolet visible 
spectroscopy [34], spectrofluorimetry [35], resonance light scattering [36], and 
electrochemical methods [36-37].  
Among these methods, electrochemical sensors have enjoyed a great popularity, 
due to their fast response, low cost, simple operation, high sensitivity, and 
suitable selectivity [36, 38-39]. However, due to curcumin weak response with 
traditional electrochemical sensors, its direct measurement has always been a 
matter of controversy. Thus, it has been preferable to electrochemically measure 
it using modified electrodes [37, 40-41]. Accordingly, finding appropriate 
compounds with high stability, good catalytic activity and excellent conductivity 
to modify the electrodes has always been a real challenge. 
Graphene has well-organized, layered carbon atoms with sp2 hybrid in a 
honeycomb configuration, and two dimensional crystal networks [42]. Unique 
characteristics, such as a flat two dimensional structure, high mechanical and 
chemical stability, large surface area, low cellular toxicity, favorable 
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productivity, and suitable biocompatibility, have introduced graphene as a 
desirable compound for electrochemical uses [42-43]. In comparison with other 
carbon allotropes, graphene’s high surface area allows it to be applied in 
electrochemically used nanocomposites [44]. Graphene-modified 
electrochemical sensors have been employed for the determination of compounds 
such as glucose, heavy metal ions, cholesterol, pesticides, etc. [42, 45].  
In this study, a sensitive electrochemical sensor was fabricated for curcumin 
detection, by benefiting from reduced graphene oxide as modifier for a CPE 
surface. The electrochemical behavior of curcumin was studied at the surfaces of 
bare CPE and RGO/CPE, and it was revealed that curcumin oxidation and 
reduction peaks currents significantly increased at the modified electrode surface, 
comparing to those of the bare CPE. This can indicate the improved sensitivity in 
curcumin measurement with RGO as modifier. 
 
 
Experimental 
Reagents and apparatus 
Using graphite powder as the main raw material, graphene oxide (GO) was 
synthesized via a modified Hummers' method [46]. Briefly, graphite (5 g) and 
NaNO3 (2.5 g) were mixed with 120 mL of H2SO4 in a 500 mL flask. The 
mixture was stirred for 30 min within an ice bath. While maintaining vigorous 
stirring, KMnO4 (15 g) was added to the suspension, and the reaction temperature 
was kept lower than 20 ºC. The mixture was then stirred at room temperature 
overnight.  
Afterwards, 150 mL of H2O were slowly added to the pasty, with vigorous 
agitation. The reaction temperature was rapidly increased to 98 ºC, and the 
diluted suspension was stirred at that temperature for one day. Then, 50 mL of 30 
% H2O2 were added to the mixture. Graphite oxide was isolated from the mixture 
by centrifugation, and washed with a solution of 5 % HCl and deionized (DI) 
water. Finally, the solid product was dried at 60 ºC for 2 days. 
To reduce GO, a total of 0.5 g of the synthesized GO was mixed with 200 mL of 
DI water, and underwent ultrasonic procedure for 40 min. Then, 5 mL of 
hydrazine were added to the mixture, which  was stirred for 24 h in a paraffin 
bath at 40 ºC, in order for GO to be reduced and changed into RGO.  
Curcumin was purchased from Merck (Germany), and a stock solution of  
1.0×10-2 M was prepared using ethanol as solvent. A phosphate buffer solution 
(PBS 0.1 M, pH 3) containing 1 M sodium chloride was used as electrolyte. All 
the solutions used throughout the experiments were prepared just prior to the 
experiments, via diluting the stock solution. All other reagents were of analytical 
grade, and used without retreatment. All the solutions were prepared using DI 
water. 
The electrochemical experiments were performed using a potentiostat/ 
galvanostat device (IVIUM TECHNOLOGY-VERTEX, Netherlands) and an 
electrochemical cell. The cell was constituted of CPE modified with RGO as 
working electrode, a platinum wire as counter electrode, and an Ag/AgCl 
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electrode as reference electrode. FESEM imaging was carried out by Mira 3-
XMU field emission SEM with an acceleration potential of 15 kV. 
 
Preparation of CPE and RGO/CPE 
To prepare CPE, graphite powder and paraffin oil were mixed within the ratio of 
70:30 (w/w), and then well pulverized in a mortar to obtain a homogeneous 
carbon paste. The as-prepared paste was transferred to a glass tube, and a copper 
wire was used to compress it and establish electric connection. Before the 
electrode fabrication, the utilized glass tube was fully smoothed and uniformed 
using fine sandpaper, and then washed with distilled water. Before each 
experiment, the electrode was polished on a soft paper, so that a fully smoothed 
surface would be obtained. To prepare the modified electrode, an optimized 
amount of RGO was added to the graphite powder, in order to obtain a carbon 
paste containing 7 % RGO. 
 
 
Results and discussion 
Characterization of CPE and RGO/CPE using FESEM 
The surface morphology and the size of RGO nanoparticles were identified by 
FESEM. FESEM images of graphite and RGO are demonstrated in Fig. 1. As it 
can be seen, graphite sheets have been separately stacked on top of each other 
and in a layered fashion (Fig. 1a). On the other hand, graphene sheets were found 
to be in a bulk state and were clumped to each other, which can be due to the 
repulsion developed between them, in response to the reduction with hydrazine 
(Fig. 1b). The size of the RGO nanoparticles was estimated to be within the 
ranges of 20-40 nm. 
 

 
Figure 1. FESEM images of (a) CPE and (b) RGO/CPE. 

 
Electrochemical characterization of CPE and RGO/CPE 
In order to investigate the structure and electrochemical characteristics of CPE 
and RGO/CPE, as well as to study the changes in the electric resistance, Fig. 2 
shows, at the bare CPE surface, a semicircle with a large radius (Ret = 5.226 kΩ) 
connected to a straight line. At the RGO/CPE surface, only one straight line can 
be seen; this demonstrates diminished electron transfer resistance at the 
RGO/CPE surface versus bare CPE surface. This can be due to graphene’s 
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electro-activity and large surface area. Based on the results, it can be deduced 
that graphene addition to CPE plays a significant role in enhancing the 
conductivity and sensitivity of this electrode; thus, RGO/CPE can considerably 
increase the electron transfer rate. 
 

 
Figure 2. EIS of (a) bare CPE and (b) RGO/CPE in 0.1 M PBS (pH 3) containing 1.0 
mM K3[Fe(CN)6]/ 1.0 mM K4[Fe(CN)6] and 0.1 M KCl (frequency range: 105 to 0.1 
Hz; potential: 0.18 V). 
 
Curcumin electrochemical behavior at RGO/CPE 
As Fig. 3a shows, in comparison with the blank voltammograms (curve c), in the 
first cycle (curve a), an oxidation peak (p1) and a reduction peak (p2) can be seen 
at the potentials of +0.530 V and +0.339 V, respectively. In the second cycle 
(curve b), the oxidation peak of the first cycle (p1) disappeared, and a new 
oxidation peak (p3) substituted it at the potential of +0.494 V, while the reduction 
peak (p2) did not show any change.  
 

 
Figure 3. CVs of 1.0×10-4 M curcumin in 0.1 M PBS (pH 3) over two cycles at (a) bare 
CPE and (b) RGO/CPE, at the scan rate of 100 mV s-1 (a: first cycle; b: second cycle). 
Curve c displays the blank voltammograms. 
 
The results imply that, in the first cycle, curcumin may possibly convert into an 
intermediate compound by losing one proton and two electrons. In the second 
cycle, on the other hand, this intermediate compound underwent oxidation and 
reduction, with transference of two electrons and two protons; this process was 
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reversibly repeated [37, 45]. According to Fig. 3b, the electrochemical behavior 
of curcumin at RGO/CPE, in comparison with CPE, follows a completely similar 
pattern, yet shows a slight difference at the surface of the modified electrode, 
where a significant increase in the oxidation and reduction peaks can be 
observed. This suggests high RGO’s catalytic ability in the oxidation and 
reduction of curcumin. A reasonable electrochemical reaction mechanism was 
suggested, which can be seen in Scheme 1. 
 

 
Scheme 1. Proposed curcumin’s electrochemical reaction mechanism. 

 

 
Figure 4. Effect of RGO quantity on the oxidation (P3) and reduction (P2) peaks of 
1.0×10-4 M curcumin in 0.1 M PBS (pH 3), at the scan rate of 100 mV s-1. 
Therefore, RGO/CPE containing 7 % RGO was chosen as working electrode to 
further study the electrochemical behavior of curcumin. 

 
Determining the optimal amount of RGO 
Owing to RGO’s high catalytic ability in the oxidation and reduction of 
curcumin, the determination of the optimal RGO value used in CPE 
configuration is essential to achieve the highest efficiency, and enhance the 
sensor’s sensitivity. Accordingly, CPEs containing different RGO percentages (3, 
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5, 7, and 10 %) were prepared, and the effect of these varied amounts was 
examined on the electrochemical oxidation and reduction peaks of 1.0×10-4 M 
curcumin, in the second cycle, at RGO/CPE, using CV. The results showed that, 
with the increase in RGO’s amount up to 7 %, the oxidation and reduction peaks 
of curcumin increased and, afterwards, they remained constant (Fig. 4).  
 
Effect of scan rate 
Fig. 5a illustrates the CVs of 1.0×10-4 M curcumin at RGO/CPE, at different scan 
rates (ʋ) (20-120 mV s-1).  
 

 
Figure 5. (a) CVs of 1.0×10-4 M curcumin at RGO/CPE in 0.1 M PBS (pH 3) at 
different scan rates: a) 20 mVs-1, b) 40 mVs-1, c) 60 mVs-1, d) 80 mVs-1, e) 100 mVs-1, 
and f) 120 mVs-1). (b) Relationship between Ip and ʋ. (c) Relationship between Ep and 
log ʋ. 
 
As it can be seen in Fig. 5b, with the increase in the scan rates, the current of 
oxidation (a) and reduction (b) peaks linearly increases (Ipa = 936.67 ʋ + 12.419 
(R2 = 0.9904) and Ipc = -879.33 ʋ - 8.1279 (R2 = 0.9832)), suggesting that 
adsorption controls the electrochemical process of curcumin at RGO/CPE. 
Furthermore, based on Fig. 5c, the relationship between the potential of oxidation 
(a) and reduction (b) peaks, as well as the logarithm of the potential scan rate are 
linear: Epa = 0.0846 log ʋ + 0.3377 (R2 = 0.995) and Epc = -0.0671 log ʋ + 0.5257 
(R2 = 0.9882). The number of transferred electrons (n), electron transfer 
coefficient (α), and electron transfer rate constant (Ks) can be calculated by the 
following equations, which have been explained by Laviron. 
 
                                     2.303 / (1 )paE RT nFα= −                                                         (1) 

                                  2.303 /pcE RT nFα= −                                                                 (2) 
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log    log  (1- ) (1- ) log  - log  ( / ) -  (1- ) ( /2.3 )S pK RT nF nF E RTα α α α ν α α= + ∆   (3) 

 
Benefiting from Eqs. 1 and 2, n (= 1.5) and α (= 0.58) were calculated, and Ks 
was also estimated to be 0.5382 s-1 using Eq. 3. 
 
Effect of pH 
CV was employed to study pH effect on curcumin’s electrochemical oxidation 
and reduction. Fig. 6a displays the CVs of 1.0×10-4 M curcumin in 0.1 M PBS, at 
RGO/CPE, in the range of 2 ≤ pH ≤ 8, in the second cycle. Based on Fig. 6b, the 
maximum current of oxidation (a) and reduction (b) peaks of curcumin at 
RGO/CPE was maintained at pH 3. Thus, this pH value was considered as 
optimum. In addition, with the increase in the solution's pH, the potential of 
oxidation (a) and reduction (b) peaks of curcumin negatively shifted in a linear 
mode (Fig. 6c): Epa = -0.0469 pH + 0.6664 (R2 = 0.9918), Epc = -0.0492 pH + 
0.5362 (R2 = 0.9908). These results might suggest that protons were directly 
involved in the electrochemical oxidation and reduction processes of curcumin. 
Therefore, Eq. 4 can be used to calculate the ratio of the number of protons to the 
number of electrons (m/n). Using this equation, m/n was estimated to be 0.79 and 
0.83 for the oxidation and reduction processes, respectively, which exhibited the 
equivalence of the number of electrons and protons exchanged in the 
electrochemical oxidation and reduction processes of curcumin. 
 

/  2.303 /p pHdE d mRT nF=                       (4) 

 

 
Figure 6. (a) pH effect on the electrochemical oxidation and reduction of 1.0×10-4 M 
curcumin, at RGO/CPE in 0.1 M PBS, at the scan rate of 100 mVs-1. (b) Relationship 
between Ip and pH. (c) Relationship between Ep and pH. pH of PBS (from curves a to 
g), respectively: 2, 3, 4, 5, 6, 7, and 8. 
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Determination of the detection limit  
To determine the relationship between curcumin concentration and the current 
resulting from its electrochemical oxidation, differential pulse voltammograms 
were recorded in solutions with different concentrations (10-6000 µM), at 
RGO/CPE (Fig. 7a). As it can be seen, the increase in curcumin concentration in 
the solution results in the enhancement of its oxidation peak current. According 
to Fig. 7b, it is clear that the changes in the current are linear within the range of 
10-100 µM, based on Ipa = 0.105 C + 245.19 (R2 = 0.9998), and within the range 
of 300-6000 µM, based on Ipa = 0.0013 C + 257.62 (R2 = 0.9982). The detection 
limit was also calculated to be 3.183 µM. The replicability of this method was 
measured by preparing 5 electrodes, and investigating their response to 1.0×10-4 
M curcumin, with the relative standard deviation (RSD) estimated as 2.8 %. 
Furthermore, five separated experiments were performed using one electrode, 
and the estimated RSD was 3.6 %.  These results can prove that RGO/CPE 
enjoys a favorable replicability for curcumin determination. In order to ensure 
RGO/CPE stability, this electrode was put aside for 7 days, and after this period, 
it was able to develop 96.3 % of the initial response in the 1.0×10-4 M curcumin 
solution, under similar circumstances. The comparison of RGO/CPE with other 
curcumin electrochemical sensors in the reported literatures is listed in Table 1. 
 

 
Figure 7. (a) DPVs of various curcumin concentrations (a) 10, b) 60, c) 100, d) 300, e) 
1000,  and  f)  6000 µM) at RGO/CPE in 0.1 M PBS (pH 3), at the scan rate of 100 
mVs-1. (b) Curcumin’s calibration curve. 
 
 

Table 1. Comparison of the performance of curcumin’s electrochemical sensors. 

Electrode 
Electrochemical 

technique 
pH 

Linear range 
(µM) 

LOD (µM) Reference 

SPCE AdSV [a] 0.1 M HCl 2.2–280 4.9 [47] 

GCE CV 0.1 M LiClO4 9.9–107 4.1 [48] 

NiCl2/GCE DPV 4 (0.1 M PBS) 10 -600 0.109 [49] 

ERGO/GCE DPV 7.4 (0.1 M PBS) 0.2-60 0.1 [45] 

GR/GCE LSV [b] 0.1 M H2SO4 0.05–3.0 0.03 [37] 

[a] Differential pulse adsorptive stripping voltammetry. [b] Linear sweep voltammetry. 
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Analysis of curcumin spiked in human blood serum 
In order to investigate the efficiency of the designed sensor in measuring 
curcumin in real samples, RGO/CPE was used to determine curcumin level in 
human blood serum. Firstly, experimental solutions were prepared from blood 
serum containing different curcumin concentrations and, then, the DPVs of the 
samples diluted with 0.1 M PBS (pH 3) were recorded. The evaluation of the 
recovery level of curcumin was performed by the standard addition method, of 
which results are provided in Table 2. 

 
Table 2. Determination results of curcumin in human blood serum. 

Sample Added (µM) Found (µM) RSD (%, n=3) Recovery (%) 
1 10 9.98 3.9 99.8 
2 60 60.06 4 100.1 
3 100 99.9 4.8 99.9 

 
Interference studies 
Selectivity is one of the most important characteristics of an electrochemical 
sensor, and represents the extent of its ability in detecting a specific analyte in the 
presence of other chemical and biological compounds. To examine RGO/CPE 
selectivity, CV was used to measure the sensor’s ability in detecting curcumin in 
the presence of K+, Cu2+, Ni2+ ions, as well as of sucrose and glucose. 
Throughout the experiments, curcumin’s concentration was kept constant 
(1.0×10-4 M), and the external compounds were spiked into the cell containing 
the experimental solution with a certain concentration (100 times as large as 
curcumin concentration). The results indicated that, with K+, Cu2+, Ni2+, sucrose, 
and glucose addition, no inhibition in curcumin detection was developed (Fig. 8). 
 

 
Figure 8. Effect of the interference species on the oxidation and reduction peaks of 
1.0×10-4 M curcumin at RGO/CPE, and at the scan rate of 100 mVs-1 in 0.1 M PBS  (pH 
3) by CV. From 1 to 7: curcumin, 100- fold K+, Cu2+, Ni2+, sucrose, glucose, and all 
compounds. 
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Conclusion 
In this study, using the unique characteristics of RGO, a sensitive and reliable 
electrochemical method was proposed for measuring curcumin in human blood 
serum. In comparison with bare CPE, the modified electrode indicated a 
significant capability in increasing the current of oxidation and reduction peaks. 
This can be due to graphene’s favorable conductivity and large surface area. CV 
and DPV methods were employed to examine curcumin’s electrochemical 
behavior at RGO/CPE. Results revealed that the adsorption may most likely 
control the electrochemical process of curcumin at its surface. The obtained 
detection limit was 3.183 µM. The proposed modified electrode exhibited an 
acceptable replicability and catalytic activity towards curcumin. The modified 
RGO/CPE also showed reasonable storage stability. Considering appropriate 
recoveries provided by the designed sensor, it can be used in human blood serum 
for curcumin determination, with acceptable results.  
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