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K E Y W O R D S 

Ag nanoparticle and 1-buthyl-3-methyl imidazolium bromide (1B3MIBr) 

carbon paste electrode (Ag/NP/1B3MIBr/CPE) amplified sensor was fabricated 

for determination of rutin in this project. The electro-oxidation of rutin occurs at 

a potential about 0.4 V at the surface of Ag/NP/1B3MIBr/CPE and this value is 

less positive than the unmodified CPE. pH = 7.0 was selected as an optimize 

condition for all of electrochemical investigations in this work and for evaluating 

electrochemical parameters such as diffusion coefficient (5.0 × 10-6 cm2/s). At 

the optimized condition for rutin analysis, the differential pulse voltammetry 

(DPV) peak currents of rutin show a wide linear dynamic range from 0.05-320 

μM with a detection limit of 10 nM. Finally, the Ag/NP/1B3MIBr/CPE was used 

for determination of rutin in soy samples with good selectivity and high 

sensitivity. 
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Introduction  

Rutin  (Scheme 1) is a natural compound 

and a famous bioflavonoid found in different 

types of foods samples including most citrus 

fruits, black tea, apples, soy, figs, and 

buckwheat samples. 

Rutin likes any other flavonoid has strong 

antioxidant and anti-inflammatory effects in 

our body [1,2]. It is also used in different 

medical investigations such as a candidate to 

improve blood circulation, strengthen blood 

vessels, collagen production, lower 

cholesterol, and reduce arthritis symptoms 

[1]. The name of rutin comes from the plant 

name Ruta graveolens, which contains these 

phytonutrients. Chemically, rutin is a 

glycoside that contains the flavonolic 

quercetin agilcon with rosin disaccharide. 

Recent research suggests that rutin flavonoid 

can help maintain the elasticity of blood 

vessels, reduce the fragility of blood vessels, 

reduce the permeability of capillaries, and 

prevent complications from hypertension 

[3]. Rutin can act as a therapeutic agent to 

fight cancer due to its antioxidant and anti-

inflammatory effects and it has been shown 

to induce apoptosis or cancer cell death and 

display antitumor effects [4]. There is a great 

deal of research on humans, organisms, and 

cells that suggests this antioxidant works to 

reduce tumor size, increase cancer cell death, 

and increase survival time [5,6]. It has been 

shown to have anti-cancer effects against a 

number of cancers, including leukemia, 

colorectal cancer, colorectal cancer, liver 

cancer, and lung cancer and rutin helps fight 

neuroblastoma, a type of cancer often found 

in the upper glands in children [7]. Research 

has reported protective effects on brain 

damage and age-related injuries. It also helps 

improve brain health because of its anti-

inflammatory and antioxidant properties [7]. 

Researchers at the Harvard Medical Center 

find that rutin can act as a new strategy to 

prevent thrombosis in animal models [7]. 

Deep vein thrombosis is particularly 

dangerous because it can cause life-

threatening complications such as stroke and 

heart attack [8]. 

Therefore, the determination of rutin is 

very necessary for food samples because the 

overtaking of rutin may cause cancer and 

hyperactivity in children [9-13]. There are 

many different methods for the 

determination of rutin in food samples such 

as, HPLC method [14-16], LC–MS/MS method 

[17], microsequential injection analysis [18], 

cathodic adsorptive stripping voltammetric 

method [19]. Between these methods, we 

select the electrochemical method because it 

is a cheap, fast and rapid, portable and green 

method [20-33]. In this research, 

Ag/NP/1B3MIBr/CPE was introduced as a 

new electroanalytical sensor for the 

determination of rutin in black team samples. 

Results showed high quality ability for rutin 

determination in food samples. 

Scheme 1. Structure of Rutin 
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Experimental 

Reagents and apparatus  

The entire reagent and chemicals used in 

this project as rutin hydrate ≥94%, paraffin, 

sodium hydroxide >97%, phosphoric acid 

85% and graphite were purchased from 

Merck and Sigma-Aldrich. Ag nanoparticles 

were synthesized according to our previously 

reported procedure [34]. A μ-Autolab system 

(Netherland) that connected to the 

computer with NOVA software included 

three electrochemical cells such as 

Ag/NP/1B3MIBr/CPE (as a working 

electrode) and Ag/AgCl/KClsat (as 

references electrode) was used for 

electrochemical investigation.   

Preparation of Ag/NP/1B3MIBr/CPE 

The Ag/NP/1B3MIBr/CPE was prepared by 

mixing of 0.06 g Ag/NPs + 0.94 g graphite 

powder in the presence of two drops 1B3MIBr 

and 10 drops of the paraffin oil as binders. The 

obtaining paste was added into end of glass tube 

to fabrication of Ag/NP/1B3MIBr/CPE.   

Real samples preparation 

The extraction and preparation of black tea 

was done in two steps. In the first step, 

extraction process was done by 30 mL methanol 

solvent and in the second step continuous with 

hot water. For this goal, 3 g of black tea was 

prepared with 30 mL of methanol solution and 

results ultrasonicate with hot water for 1 h.  

Results and Discussion 

Electrochemical behavior of rutin at the surface 
of Ag/NP/1B3MIBr/CPE 

Rutin has a phenolic structure and it is 

predicted that its redox behavior pH-

dependent [35]. Therefore, in the first step we 

optimized pH value for electro-oxidation of 

rutin at the surface of Ag/NP/1B3MIBr/CPE. 

The Figure 1 inset display DP voltammograms 

of rutin at surface of Ag/NP/1B3MIBr/CPE in 

the 4.0<pH<8.0.   

According to Figure 1, slope of potential-

pH curve confirms equal value of electron and 

H+ in redox reaction of rutin. In addition, 

oxidation current of rutin showed that 

maximum signal could be observed at pH= 7.0 

(Figure 2) and this value was selected as 

optimum condition for next steps. 

The role of mediators (Ag/NPs and 

1B3MIBr in this case) in improving of the redox 

reaction of rutin is another important 

electrochemical parameter that must be an 

investigation in an electrochemical study. For 

this goal, the DP voltammograms of 60 μM 

rutin were recorded at the surface of modified 

and unmodified electrodes with a scan rate of 

100 mV s−1 at pH 7.0 (Figure 3).

Figure 1. Plot of potential, Ep, vs. pH for 

the electro-oxidation of 50 μM rutin at 

surface Ag/NP/1B3MIBr/CPE. Inset: 

Differential pulse voltammetric 

response of  50 μM rutin in 4.0<pH<8.0 
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Figure 2. Plot of current vs. 

pH for the electro-oxidation 

of 50 μM rutin at surface 

Ag/NP/1B3MIBr/CPE 

 
 

Figure 3. DP voltammograms of (a) CPE, 

(b) Ag/NP/CPE, (c) 1B3MIBr/CPE and (d) 

Ag/NP/1B3MIBr/CPE in the presence of 

60 μM rutin at pH 7.0, respectively 

 
 

Voltammmograms showed currents 3.95 

µA, 9.68 µA, 13.4 µA and 17.4 µA for the 

oxidation of rutin at surface of CPE (curve a), 

Ag/NP/CPE (curve b), 1B3MIBr/CPE (curve c) 

and Ag/NP/1B3MIBr/CPE (curve d), 

respectively. In addition, oxidation potential 

of rutin moved to negative value from 428 mV 

at CPE to 368 mV at a surface of 

Ag/NP/1B3MIBr/CPE. These points confirm 

the high conductivity of Ag/NP and 1B3MIBr 

after modification of CPE and creating a highly 

sensitive rutin electrochemical sensor. 

The role of the scan rate on redox reaction 

of rutin was investigated by recording linear 

sweep voltammograms of 300 µM rutin in the 

range of 5.0-50.0 mV s−1 at 

Ag/NP/1B3MIBr/CPE (Figuer 4 inset). The 

positive shift if oxidation potential of rutin with 

increasing in scan rate confirm a kinetic 

limitation and also, quasi-reversible behavior 

for electrooxidation of rutin at surface of 

Ag/NP/1B3MIBr/CPE. The linear relation with 

the equation I = 4.5303 ν1/2 – 6.1350 (R2 = 

0.9975) was observed for electro-oxidation of 

300 µM rutin at surface of 

Ag/NP/1B3MIBr/CPE that confirm diffusion 

process for electrooxidation of rutin (Figure 4).    

The chronoamprometric signals of 200 µM, 

400 µM, and 500 µM rutin was recorded at 

surface of Ag/NP/1B3MIBr/CPE for 
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investigation diffusing process of rutin 

(Figure 5A). Using Cottrell slopes and 

equation (I = nFAD 1/2C π1/2 t1/2) in Figure 5B, 

the value of the diffusion coefficient was 

calculated 5.0 × 10-6 cm2/s. 

Linear dynamic range and limit of 

detection are two major analytical parameters 

for one new fabricated sensor. Therefore, we 

used differential pulse voltammetric method 

for the determination of rutin using 

Ag/NP/1B3MIBr/CPE as an analytical tool. 

Results showed a linear dynamic range 0.05 – 

320 µM with equation I = 0.1925 Crutin + 

2.3464 (R2=0.9974). In addition, the 

Ag/NP/1B3MIBr/CPE showed a detection 

limit 10 nM for determination of rutin at 

optimum condition.      

In the following, for evaluation, the 

selectivity of Ag/NP/1B3MIBr/CPE, 

interference of Li+, Cl-, Na+, methionine, 

glucose and valine were checked with 

acceptable error 5% and results confirm 

1000-fold of these compounds have not any 

interference for determination of 10 µM rutin.    

At the last stage of the project, to evaluate 

the applicability of Ag/NP/1B3MIBr/CPE, we 

use this proposed sensor in real food samples 

such as black tea. After the preparation of 

black tea, the standard addition method was 

used for determination of rutin in real 

samples and results are presence in Table 1. 

Recorded recovery data confirm the high 

quality of Ag/NP/1B3MIBr/CPE for the 

determination of rutin in real samples. 

Figure 4. Plot of Ipa vs. ν1/2 for the 

oxidation of 300 µM rutin at 

Ag/NP/1B3MIBr/CPE.  Inset shows 

linear sweep voltammograms of 

rutin at scan rates of a) 5.0, b) 10.0, 

c) 15.0, d) 18.0, e) 30, f) 50.0 mV/s 

 
 

Figure 5. A) Chronoamperograms 

obtained at Ag/NP/1B3MIBr/CPE 

in the presence of (a) 200, (b) 400 

and (c) 500 μM rutin. B) Relative 

Cottrell plots 
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Table 1. Analysis data for determination of rutin in real sample (n=4) 

Sample Added (µM) Expected (µM) Founded (µM) Recovery % 

Black tea  --- --- 15.22±0.45 -- 

 10.00 25.22 24.87±0.87 98.61 

 20.00 35.22 36.01±0.96 102.24 

 30.00 45.22 45.75±1.11 101.17 

 
Conclusion 

The aim of this project is to fabricate of a 

new sensitive electrochemical sensor with a 

combination of Ag/NPs and 1-buthyl-3-methyl 

imidazolium bromide to determine the rutin 

in soy samples. The Ag/NP/1B3MIBr/CPE 

showed a good linear dynamic range between 

0.05 – 320 µM with good limit of detection 10 

nM for the determination of rutin using 

differential pulse voltammetric method. 

Finally, it has acceptable application in 

determination of rutin in black tea as a real 

sample with recovery range 98.61-102.24%. 
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