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Abstract- In this paper, we report a new measurement technique for tea polyphenols by 
linear sweep voltammetry (LSV) and electrochemical impedance spectroscopy (EIS). The 
enzyme tyrosinase was also extracted from crude cheap sources such as potato.  Platinum 
working electrode was modified with this enzyme and electrochemical techniques were 
performed on the enzyme-modified electrode to exploit the oxidation of polyphenols. Various 
grades of tea were tested for total polyphenols (TP) by linear sweep voltammetry and 
impedometry and the results were compared with those obtained by HPLC. A very good 
correlation index of 0.97 was obtained between the TP content by HPLC and LSV and that 
obtained between the TP content by HPLC and impedometric analysis was 0.95 for purified 
tyrosinase from potato. The methods exhibited very low limits of detection (0.54 mg/L) and 
the measurement time was also quite fast (300 seconds). The results ensured LSV and 
impedometric analysis to be useful techniques for determination of TP in tea and hence 
gradation of tea in a very simple but effective way.  

Keywords - Polyphenol sensor, Tyrosinase, Linear sweep voltammetry, Impedance, HPLC  
 

1. INTRODUCTION 

Tea, the most popular beverage is prepared by water infusion of dried leaves from 
Camellia sinensis. The principal antioxidant properties of tea are due to the presence of 
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polyphenolic compounds which scavenge free radicals generated by different metabolic 
pathways in our body and thus help us defend from diseases such as cancer, neurological 
disorder, and cardiovascular problem [1]. Tea is a complex mixture of components presenting 
both volatile and nonvolatile compounds, responsible for aroma and flavor. The polyphenols 
present in tea are phenolic acids, flavonoids (catechin), tannins and other phenolics [2]. 
Catechins, a group belonging to flavonoids, have been reported to be the most effective 
antioxidants in tea [3,4]. However, polyphenol content may vary with factors such as types, 
origin, plantation area, infusion conditions and degree of fermentation [5,6]. Traditionally, 
quality of beverage is measured by human sense, which includes vision, olfaction and 
gustation. Many researchers already published [7-10] their work identifying the physiological 
and pharmacological effects of different types of tea. Tea quality is also monitored by 
different analytical instruments e.g. gas chromatography (GC) [11], high-performance liquid 
chromatography (HPLC) [12] and capillary electrophoresis (CE) [13]. However, all these 
methods are time consuming, expensive and require rigorous sample preparation. Some of the 
electrochemical techniques such as potentiometry, voltammetry and conductometry have 
been used for successful determination of polyphenols of different beverages like wine, beer 
and juice etc. [14-16]. Blasko and others [17] used differential pulse voltammetry (DPV) for 
characterization of flavonoids and phenolic acids in fruit juices. However, application of 
linear sweep voltammetry (LSV) and electrochemical impedance spectrometry for total 
polyphenols (TP) content in tea have not been reported in literature. This paper presents these 
unique techniques for efficient measurement of tea polyphenols in terms of mg of catechin/g 
of tea leaves. These values in different grades of tea will tell us the beneficial quality of the 
tea at a glance. The required enzyme, tyrosinase for this study was extracted from a crude 
cheap source e.g. potato. It (EC 1.14.18.1), is a copper-containing enzyme that catalyzes the 
oxidation of various polyphenolic substrates [18,19] to quinones where molecular oxygen 
gets reduced to water [20] as given in reaction 1. Extracted tyrosinase from potato was 
successfully applied for fabrication of polyphenol biosensors. 
 
      Polyphenols+O2  Quinones+H2O                                                                          (1) 

Platinum (Pt) electrode was used as a working electrode and a three-electrode system was 
deployed to measure the polyphenol content through LSV and EIS. The objectives of this 
study were to determine TP content in different green and black tea and compare the results 
by an authentic analytical method e.g. HPLC. 

 
2. EXPERIMENTAL 
2.1. Reagents  

(+)-Catechin (≥98%, TLC) was obtained from Sigma. Gelatin and glutaraldehyde were 
purchased from Merck (India). Phosphate buffer (pH-6.8) was prepared using di-sodium 
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hydrogen phosphate, dihydrogen sodium phosphate and potassium chloride purchased from 
Merck (India). For preparation of buffer, Milli-Q (Millipore India Ltd., India) water was 
used. All other chemicals were of analytical grade and purchased from Merck (India). 
Samples of green and black tea leaves were collected from local market. Purified tyrosinase 
extracted from potato was used. 
 
2.2. Instrumentation  

Linear sweep voltammetry (LSV) and impedometric responses were observed by an 
Autolab (Ecochemie B. V.The Netherlands) electrochemical analyzer (PGSTAT 12). The 
working (WE), reference (RE) and counter (CE) electrodes terminals of the analyzer were 
connected to the respective terminals of the transducer via standard connectors and 
experimental input parameters such as scan rate, potential, time of observation were given 
through general purpose electrochemical software (GPES) from a computer interfaced with 
the analyzer.  
 
2.3. Sensor fabrication 

Three electrode sensing system has been constructed for the detection of polyphenols. 
The assembly consisted of three electrodes namely a reference (silver/ silver chloride, length : 
52.5 mm, electrode diameter:2 mm, Metrohm, Switzerland), working platinum electrode 
(area of electrode: 12 mm2, Metrohm, Switzerland) and a counter electrode (platinum 
electrode, length : 52.5 mm, electrode diameter: 3 mm, Metrohm, Switzerland). The 
arrangement of the electrodes in the experimental set-up is shown in Figure 1. 

 
 

 
 

Fig. 1. Schematic representation of sensor fabrication 
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2.4. Extraction and purification of enzyme 

Tyrosinase was extracted and purified from potato using phosphate buffer dissolution at 
pH=7.4 followed by ammonium sulfate precipitation (20–60%), dialysis against 10 mM PBS 
at pH=7.4 and ion exchange chromatography in DEAE-cellulose -52 column and its activity 
was measured [21]. 
 
2.5. Characterization of purified tyrosinase polymer composite 

2.5.1. Scanning electron microscope (SEM) 

Scanning Electron Microscope (SEM) was conducted to characterize the surface 
phenomena of the modified films. Samples were coated with a thin gold layer to improve 
electrical conductivity by means of a Balzers FL-9496 coater and SEM were performed 
(model Quanta 200, FEI Company). 
 
2.5.2. Fourier transform infrared (FT-IR) spectroscopy 

FT-IR spectra of polymer coating with adsorbed polyphenol (before measurement) and 
quinone (after measurement) were measured in a Thermo Fisher (model number iS10) FTIR 
spectrometer, using ATR sampling technique. A few milligram of dried substance scraped 
from the electrode was taken and the absorption was measured from 800 to 4000 cm−1 at a 
resolution of 4 cm−1 at room temperature. 32 scans were noted and averaged for each 
spectrum. 

 
2.5.3. X-ray diffraction (XRD) 

X-ray Diffraction (XRD) (model Pananalytical PW 3040/60) analysis for polyphenols 
(before measurement) and quinone (after measurement) were carried out by Phillips X’pert 
wide angle X-ray diffractometer (USA) in reflection mode, operating at 40 kV voltage and a 
30 mA current using Ni filtered Cu-kα radiation to obtain structural information about 
crystalline solids. 
 
2.6. Preparation of tea extract  

Different green and black tea samples (e.g. Green tea: Golden tips, Japanese, Lipton, 
Tetley, Goodrick Darjeeling; black tea: BOPL, CTC, Tulip bari, Twinings) were collected 
from the market. These were given identification numbers as a, b, c, d, e, f, g, h and i 
respectively. The collected tea samples were stored in closed containers. An amount of 0.1 g 
of each tea sample was weighed and taken in a beaker. Five mL of boiling water was poured 
into the beaker and tea infusion was filtered after five minutes of soaking. The supernatant of 
tea infusion was used as sample for electrochemical studies.  
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2.7. Modification of working electrodes  

The platinum electrode was first polished with Al2O3 powder and kept into a beaker 
containing 1:1 water and ethanol in the ultrasonic bath for five minutes. After sonication, it 
was washed by RO water. 4μL of purified tyrosinase solution was deposited on the working 
electrode followed by 4 μL 20% gelatin and 2 μL 12.5% glutaraldehyde and the electrode 
was dried for 30 min at room temperature. 

Pure catechin dissolved in RO water was used to observe the responses for different 
concentrations and construct calibration curve. To investigate the effect of interfering 
substances, the modified Pt electrode was dipped into phosphate buffer (pH 6.8) and each of 
the interfering substances such as amino acid (L-phenylalanine), carbohydrate (D-fructose), 
organic acid (oxalic acid) and ascorbic acid was added in excess and response monitored. 
 

2.8. Measurement 

2.8.1. Linear sweep voltammetry (LSV) 

After cleaning and modification of the platinum electrode, the required volume of sample 
(500 μL, of catechin solution or tea infusion) was dispensed into the supporting electrolyte in 
the electrochemical cell and linear sweep voltammetry (LSV) experiment was carried out 
with 100 mVs-1 scan rate over a range from -1 to +1 V. All the experiments were carried out 
at room temperature. All measurements were repeated three times. 

The calibration curve was constructed in the range 100–400 mg/L of catechin by plotting 
the current responses given by the anodic peaks against the corresponding concentrations of 
catechin solution (mg/L). The response of polyphenols was corrected by subtracting the 
baseline response i.e. the response given by the modified electrode in absence of polyphenols. 
Tea samples were freshly prepared and diluted in different concentrations ranging from 100–
300 mg dry tea leaves/L in KCl-phosphate buffer (pH 6.8) and linear sweep voltammetry was 
recorded. The result of LSV (anodic peak current vs. potential) of tea infusion at 300 mg dry 
tea leaves/L concentration was found to be the optimum and this concentration were used for 
quantification of TP content in tea. The LSV response for any tea sample was finally 
converted to mg of catechin equivalent per gram of dry tea leaves from the catechin 
calibration curve. 
 
2.8.2. Electrochemical Impedance Spectroscopy (EIS) 

EIS was used to access the electrical circuit especially for the modified electrode before 
and after the oxidation reaction took place. The measurement of total impedance and the 
breakup of components gave very good relationship between concentration and charge 
transfer resistance of the electrode. The impedance study was carried out with the open 
circuit potential (Eocp). Eocp of every sample was observed for 10 minutes over a frequency 
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range of 1Hz to 100 kHz. The response i.e. impedance for each sample solution was 
measured repeatedly in the above frequency range at room temperature and complex plane 
impedance plot was constructed.  
 
2.8.3. HPLC analysis of tea infusion and total polyphenols content 

The content of individual tea polyphenol responsible for the anodic voltammetric peaks of 
tea in LSV measurements was also determined by a standard method i.e. HPLC. The HPLC 
analysis of tea samples showed prominent peaks of polyphenols such as gallic acid, 
epigallocatechin, (+)-catechin, caffeic acid, (−)-epicatechin and catechin gallate and therefore 
HPLC calibration was constituted using these standard polyphenols. The area under the curve 
for actual tea samples was compared with the HPLC calibration and summed up to find the 
total polyphenols content. It might be noted that we considered only peaks due to the 
presence of these catechins. The HPLC apparatus consisted of a Varian LC system (USA) 
equipped with a ProStar 230 solvent delivery module, and a ProStar 330 PDA detector. The 
separation of phenolic compounds was performed on an OmniSpher C18 column (25 cm×4.6 
mm, Varian, USA) equipped with ChromSep guard-column (1 cm×3 mm, Varian, USA). 

50 mg of tea sample was mixed with 10 mL freshly boiled distilled water in a boiling 
water bath for 10 min. The infusion was filtered. The filtrate was treated with equal volume 
of chloroform. After settling, the chloroform layer was discarded to remove caffeine. The 
procedure was repeated twice [22] and the water layer was ultimately treated with ethyl 
acetate. The ethyl acetate layer was dispensed in 1 mL plastic tubes and water removed by 
evaporation at 45°C overnight. The sample was dissolved in HPLC grade water and the 
solution was used for HPLC analysis [23]. The chromatographic conditions were: injection 
volume: 20 μL; column: 5 μ-Diamonsil C18, 4.6 mm×250 mm, temperature: 40 ◦C; Mobile 
phase: solvent A: acetonitrile/acetic acid/water (6:1:193, v); solvent B: acetonitrile/ acetic 
acid/water (60:1:139, v); gradient: 100% (v) solvent A to 100% (v) solvent B by linear 
gradient during first 45 min and then 100% (v) solvent B till 60 min., flow rate: 1 mL min−1 
detector: Shimadzu SPD ultraviolet detector, 280 nm. 

Polyphenol standard calibration curves [gallic acid, epigallocatechin, (+)-catechin-, 
caffeic acid, (−)-epicatechin, catechin gallate] were used for characterization of the phenolics 
in tea samples. 
 

3. RESULTS AND DISCUSSION 

3.1. Characterization of tyrosinase polymer composite 

3.1.1. Scanning Electron Micrograph (SEM) analysis 

Figure 2 represents the SEM images of the surface of a platinum electrode with pure 
gelatin and glutaraldehyde [2(A)] and purified tyrosinase entrapped gelatin films [2(B)]. 
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There was significant difference between the surface structure of pure gelatin and 
tyrosinase/gelatin. As seen from Figure 2(B), tyrosinase immobilized gelatin layers showed 
an asymmetric and uneven structure with embedded particles illustrating successful 
tyrosinase immobilization in a gelatin network. Moreover, this structure change suggested 
that the interaction between gelatin film and tyrosinase occurred and influenced the 
morphology of the films. Figure 2(C) demonstrates the morphology of the surface of the 
tyrosinase immobilized gelatin films after the reaction with catechin had occurred. As seen in 
the images, the morphology of the layers changed to a symmetric and even structure in 
comparison with Figure 2(B) predicting an interaction with catechin. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (A) Scanning Electron Microscope (SEM) image of a gelatin/platinum electrode; (B) 
SEM image of a purified tyrosinase/gelatin/platinum electrode (before reaction); (C) SEM 
image of a purified tyrosinase/gelatin/platinum electrode (after reaction) 
 

3.1.2. FT-IR analysis 

To check if quinone was formed due the reaction on the modified electrode, the polymer 
composite on the electrode was scraped off and examined by FTIR (Figure 3). A band for 
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(C–O) functional group of polyphenol was detected at 1160 cm−1 {Figure 3(A)} and phenol 
(O-H) functional group was detected at 3320 cm−1 {Figure 3(B)} just before the 
measurement. In the spectrum, bands of (C=O) functional group of the quinone could be 
detected at 1650 cm−1 {after the measurement, Figure 3(C)}. There was no peak detected for 
phenol group in the Figure 3(D) to confirm the conversion of polyphenols to quinone.  

 
 

 
 
Fig. 3. FTIR spectra measured from the phenolic and quinone components. Spectrum 
measured from the polyphenolic component (A) and (B) and spectrum measured from the 
quinone component (C) and (D) 
 

3.1.3. X-ray diffraction analysis 

The XRD patterns for polyphenols (before reaction) and quinones (after reaction) are 
shown in Figure 4. Sharp intensity XRD peaks have been observed at typical scanning angles 
of 2θ=0-30° for polyphenols before reaction {Figure 4(A)}. These peaks indicated the 
crystalline nature of the material. After the reaction, due to formation of quinones resulted in 
low intensity XRD peaks {Figure 4(B)}. The changes of crystalline peak also confirmed the 
formation of new product. 
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Fig. 4. XRD pattern of catechin (A) and reaction product (B) (quinone form) 

 

3.2. Linear sweep voltammetric measurement 

In linear sweep voltammetry (LSV), the potential range of the working electrode is 
scanned linearly with time between two values i.e. starting at the initial potential (Ei) and 
ending at the final potential (Ef). Linear sweep voltammetry (LSV) was used to measure total 
polyphenols (TP) in different green and black tea samples expressed in terms of milligrams of 
catechin present per gram of tea leaves. LSV of pure catechin exhibited one anodic oxidation 
peak at the potential -0.45V when Pt electrode was modified with purified tyrosinase from 
potato and shifted to more positive values with increasing concentrations of catechin.  
 

 
 
Fig. 5. Linear sweep voltammograms of catechin (i) 100 mg/L; (ii) 200 mg/L; (iii) 300 mg/L; 
(iv) 400 mg/L in phosphate buffer solution pH 6.8, scan rate100 mVs-1 with Pt electrode 
modified by purified tyrosinase from potato and unmodified electrodes 
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The anodic peak of LSV for different concentrations of catechin (100 mg/L-400 mg/L) of 
the modified electrode is shown in Figure 5. The peak was due to oxidation of the 3´, 4´-
dihydroxyl moiety (–OH groups) at the B-ring (catechol moiety) of (+)-catechin as depicted 
in Figure 6 [24]. This oxidation reaction is driven by a two-electron (2e)-two-proton (2H) 
oxidation reaction mechanism. LSV of the unmodified electrodes for the catechin standard is 
also represented in Figure 5. 

 
 

 

Fig. 6. Chemical structure and oxidation reaction of (+)-catechin 
 

The calibration curve was constructed by plotting the response of current (μA) vs. 
concentration of catechin (mg/L) and is shown in Figure 7. The resulting calibration plot was 
linear in the catechin concentration range of 100–400 mg/L. 

 

 
 
Fig. 7. Calibration curves of catechin using modifying agents on the Pt electrode tyrosinase 
from potato (y=0.0011x+1.03; R2=0.977) 
 

The Linear sweep voltammograms of various grades of tea were recorded in order to see 
how the response differed from one grade to the other. LSVs were recorded for different 
concentrations of sample number c (100–300 mg dry leaves/L) using platinum electrodes 
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modified with tyrosinase from potato. The results are shown in Figure 8. Similar LSV curves 
were also obtained for all kinds of tea samples using modified platinum electrodes.  An LSV 
response for concentration of 300 mg/L was considered as optimum for quantification of the 
TP content in the tea in this study. 

 

 
 
Fig. 8. Linear sweep voltammograms of sample c in different concentrations: (a) 100 mg/L; 
(b) 200 mg/L; (c) 300 mg/L in phosphate buffer solution pH 6.8, scan rate 100 mVs-1 with Pt 
electrode modified by tyrosinase from potato 
 
 

 
 
Fig. 9. Linear sweep voltammograms of green tea (sample-e) and black tea (sample-h) of 
concentration 300 mg/L in phosphate buffer, pH 6.8 and scan rate 100 mVs-1 with Pt 
electrode modified by tyrosinase from potato 



Anal. Bioanal. Electrochem., Vol. 8, No. 3, 2016, 268-286                                                   279 
 

The responses of linear sweep voltammograms for tea samples e and h are depicted in 
Figure 9. The green tea in this study showed a very well pronounced oxidation peak at the 
potential -0.45V but black tea showed less pronounced peak.   

The TP content of nine tea samples were calculated from the current responses of the 
oxidation peak, using the calibration curve for catechin and expressed in mg catechin/gm of 
tea leaves and presented in Table 1. The mean values and standard deviations were also 
calculated and given in this Table. It could be seen that the green tea exhibited the highest TP 
while black tea had a significantly lower TP content. This was due to fermentation reaction 
during processing in the latter. 
 
Table 1. Comparison of total polyphenols (TP) content of some green and black tea (mg of 
catechin/gm tea leaves) measured by LSV, impedance analysis and HPLC 
 

Tea samples 
Sample 
number 

TP content in tea 
(mg catechin/gm 

tea leaves) 
tyrosinase from 

potato using linear 
sweep 

voltammetry 
(LSV) 

TP content in 
tea (mg 

catechin/gm 
tea leaves) 

using 
impedance 

analysis 

TP content in tea 
(mg catechin/gm tea 

leaves) 
using HPLC method 

Golden tips green tea a 75.4±1.2 77.5±1.2 76.7±1.1 

Japanese green tea b 103.3±1.3 101.3±1.2 99.2±1.3 

Lipton green tea c 80±1.2 81.3±1.2 76.7±1.1 

Tetley green tea d 65.4±1.1 62.9±1 60.4±1 

Goodrick Darjeeling 
green tea 

e 96.7±1.4 94.6±1.3 98.8±1.4 

BOPL black tea f 28.3±0.5 26.7±0.5 27.9±0.8 

CTC black tea g 30.8±0.5 34.2±0.7 32.9±0.6 

Tulip bari black tea h 43.3±0.9 45.8±0.9 42.5±0.8 

Twinings black tea i 36.3±0.6 34.2±0.7 40±0.8 
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Results represent mean values ± standard deviation (SD) of three independent 
measurements. 

The selectivity of the system is high. The total time of the response was 5 minutes and 
polyphenols could be quantified in tea sample using the calibration curve for the standard 
catechin. 
 

3.3. Electrochemical Impedance Spectroscopic (EIS) measurements 

The impedance behavior of electrochemical system during measurement in 0.1 M 
phosphate buffer is shown in Figure 10. The frequency range was kept from 1Hz to 100 kHz. 
Here, the impedance spectra exhibited a single semicircle for each different concentration of 
catechin from 100 mg/L to 400 mg/L. It could be seen that the semicircles were not perfect 
and rather depressed implicating that the system did not involve pure capacitance in parallel 
with resistance Rct in Randle’s circuit, it was rather pseducapacitance or constant phase 
element (CPE).  
 

 
 
Fig. 10. Complex-plane impedance plots (Nyquist plots) for different concentration (100 
mg/L–400 mg/L) of electro-oxidation of catechin on platinum electrode 
 

 
Fig. 11. Randle’s equivalent electrical circuit model 
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This semicircle part was associated with the Faradaic oxidation reaction at the 3'-OH 
group on ring B. The obtained complex plane plots (Nyquist plots, −Z″ vs. Z′) were fitted to 
equivalent circuit models using NOVA 1.9 (FRA compatible software). The best fit with 
equivalent circuit model was [Rs (Rct−CPE)] as depicted, where Rs referred to the electrolyte 
resistance, CPE the constant phase element and Rct the charge transfer resistance (Figure 
11).The impedance data were simulated using the Randle’s equivalent circuit consisting of a 
parallel combination of the capacitance or constant phase element (CPE) and charge transfer 
resistance by redox reactions (Rct or Rp) in series with the supporting electrolyte resistance 
(Rs). The resistance, Rct showed its maximum value of 47.8 kΩ at 100 mg/L and the R 
parameter significantly decreased to 19.7 kΩ at 400 mg/L concentration of catechin which is 
given in Table 2. 
 
Table 2. Different values of Rct with respect to their concentration of catechin 
 

Concentration of catechin (mg/L) Rct (kΩ ) 

100 47.8 

200 33.9 

300 23.8 

400 19.7 

 
Figure 12 shows that variation of Rct (kΩ) values with respect to concentration of catechin 

(mg/L). 
 

 
 
Fig. 12. Calibration curve of Rct vs. concentration of catechin (y=-0.0943x+55.35;   
R2=0.964). 
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The fitting of spectra to the equivalent circuit has indicated a good agreement between the 
circuit model and the real experimental data, especially at the high frequency values. 

The simulated Rct values were used to calculate the TP content of nine tea samples using 
the calibration curve for catechin (Figure 12) and expressed in mg catechin/gm of tea leaves 
presented earlier in Table 1. 

Green tea content different polyphenols such as catechin, epicatechin, quercetin, and 
some phenolic acids like gallic, caffeic, and tannic acids which are not fermentated 
polyphenols and hence show higher response for TP content. On the other hand, black tea 
contains different fermentated polyphenols like anthocyanins, theaflavin, thearubigin etc. and 
hence give lower response.  
 
3.4. Limit of detection, limit of quantification and sensitivity 

The limits of detection (LOD), [25] limit of quantification (LOQ), [25] and sensitivity 
[26] with purified tyrosinase from potato modified on Pt electrodes are given in Table 3. 
The measurements of these parameters were performed following the given expressions: 

LOD=3s/m                                                                                                                    (1) 

LOQ=10s/m                                                                                                                  (2) 

where, m represents the slope of the graph or sensitivity and s is the standard deviation. 
 
Table 3. Limit of detection, limit of quantification and sensitivity of modified sensors for 
measurement of polyphenols 
 

Name of the analytes 
Limit of 
detection 
(mg/L) 

Limit of 
quantification 

(mg/L) 

Sensitivity 
nA (mg/L)−1 

Tyrosinase from Potato 
 

0.54 1.82 0.11 

 

3.5. HPLC measurements 

The TP contents of investigated tea were calculated by comparing with peak areas which 
were given by standard solutions of a number of polyphenols in the catechin family. The 
individual peak area given by HPLC chromatograms at 280 nm corresponding to the 
individual members of catechin family was calculated first and then summed up to get TP. TP 
content in different tea using HPLC method (mg catechin/gm tea leaves) are given in Table 1. 
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3.6. Correlation between methods 

Different techniques described in this paper such as LSV, impedomatric analysis and 
HPLC shows a high correlation among them. The correlation matrix represents the 
comparative study of polyphenols (with respect of catechin) for different methods (Table 4). 
 
Table 4. Correlation matrix for the LSV, Impedomatric analysis and the standard HPLC 
method 
 

 LSV Impedomatric 
analysis HPLC 

LSV 1 0.96 0.97 

Impedomatric 
analysis 0.96 1 0.95 

 
HPLC 0.97 0.95 1 

 
Table 5. Comparison of performance of present work with published literature 
 

Serial 
Number 

Type of 
Electrodes 

Measurement 
range (mg/L) 

Sample Detection 
limit (mg/L) 

Detector 
elements 

Stability Ref. 
 

1 SAM up to 7.5 for 
catechin 

Wine and 
tea 

0.6 HRP unstable [27] 

2 Carbon 
paste 

0.35 to 17.5 
for  

chlorogenic 
acid (CGA) 

Coffee and 
mate tea 

0.245 HRP unstable [28] 

3  
Graphite 

 

1.2 to 12 for 
catechin 

Plant 
flavonoids 

 
1.308 

 

Laccase unstable [29] 

4 Boron-
doped 

diamond 
(BDD) 

0.1 to 47.7 for 
catechin 

Catechin 
solution 

0.04 

 
Ruthenium tris 
(2, 2') bipyridyl 

[Ru(bpy)3
3+] 

stable [30] 

5 O2-type 
Clark 

0.003 to 0.03 
for catechin 

Tea _ Tyrosinase unstable [31] 

6 Carbon 
paste 

upto 70.0 for 
catechin 

Tea 1.35 Beta-cyclodextrin stable [32] 

7 Glassy 
Carbon 

0.075 to 9 for 
catechin 

Tea 0.02 Polyaspartic acid stable [33] 

8 Glassy 
Carbon 

 

2.75 to 27.5 
for dihydroxy 

benzene 

Tea 0.07 to 0.1 Graphitized 
mesoporous 

carbon 

stable [34] 

 
9 

Glassy 
Carbon 

 

0.08 to 10.8 
for uric acid 

Human 
blood 

serum uric 
acid 

 
0.038 

 
uricase 

 
_ 

 
[35] 

10 Platinum 100 to 400 for 
catechin 

Tea 0.54 Tyrosinase from 
potato 

stable 
 

Present 
work 
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The highest correlation index was obtained by LSV and HPLC (0.97) whereas correlation 
between LSV and impedomatric analysis (0.96) is slightly higher than correlation between 
impedomatric analysis and HPLC (0.95). Therefore the results showed that both of LSV and 
impedomatric analysis could conveniently be used as an alternative method for HPLC for 
determination of TP content of tea. 

Table 5 presents an overall comparison of polyphenol biosensors, developed by various 
researchers in the recent past (2000-2015). This work has established improvements in 
different accounts such as detection limit and stability for qualitative and quantitative 
estimation of tea polyphenols. 
 
4. CONCLUSION   

This study presented the quantitative estimation of polyphenols in tea by different 
methods and compared the results with standard method e.g. HPLC. The results showed that 
LSV and impedomatric analysis could be sensitive method for the determination of the total 
polyphenols (TP) content of tea with a very high correlation coefficient with HPLC results. 
Green tea samples showed semicircles with lesser diameter than black tea samples. The 
responses obtained with nine different varieties of tea where green tea showed highest TP 
content due to higher concentration of the important tea antioxidants (gallic acid, (+)-
catechin, caffeic acid) in comparison to the black tea. The system could be made versatile by 
incorporating the knowledge of standard compounds/tea samples from multiple gardens 
spread across various agro-climatic zones of India and other tea-producing countries. 
Nevertheless, the impedance technique described in this paper, being low cost and portable, 
could be affordable by the tea industry and should show a great potential as a taste-measuring 
instrument for day-to-day use in the tea industry. The technique represented a showcase 
model of successful application of EIS with extracted and purified enzyme from potato. 
Quantification (expressed in mg of catechin per gm of tea leaves) of polyphenols in various 
tea samples was also possible with this sensor system at a very low cost. The sensing system 
could be used for gradation of tea based on the polyphenolic compounds. 
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