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ABSTRACT

Tea, one of the most popular consumed worldwide beverages, is known to be rich in polyphenols, more particularly in
catechins. An amperometric biosensor based on tyrosinase was developed in order to monitor the phenolic content in
black and green teas. The enzyme was immobilised by coreticulation with glutaraldehyde on carbon screen-printed
electrodes (CSPE). Initially, the performances of the biosensor were evaluated referring to catechol as a model substrate.
This analytical tool exhibits a high sensitivity (217 nA/uM), low limit of detection (LOD) = 0.03 uM, good in-
tra-electrode and inter-electrode reproducibilities with RSD lower than 3% (n = 5 injections) and RSD = 8.14% (n = 12
sensors) respectively. The storage stability was also studied; the biosensor retained successively 85% and 70% of its
initial response after 34 and 53 days. Subsequently, several catechin derivatives frequently found in teas were tested and
classified relatively to their sensitivities. For tea samples, the results obtained with the biosensors were compared to
high performance liquid chromatography (HPLC) analysis. A good correlation between the two methods was obtained.
The calculated recovery was between 90% and 96%, proving that the proposed tyrosinase biosensor can be an alterna-
tive analytical tool for global determination of catechin derivatives in tea.
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1. Introduction nents are gallic acid (GA) and tea catechins, mainly
(—)-epicatechin (EC), (—)-epicatechin gallate (ECG),
(—)-epigallocatechin (EGC), and (—)-epigallocatechin
gallate (EGCG). On one hand, chromatographic methods
including HPLC combined with UV-Vis detection [12-
15], chemiluminescence detection, fluorescence detec-
tion [16] and electrochemical detection [17] are widely
used for the specific determination of tea polyphenols
content. On another hand, the spectrophotometric Fo-
lin-Ciocalteu method, allowing the global determination
of phenol content, is still the most employed approach.
Although these methods are well established, more sim-
ple and faster techniques are still required for quantifica-
tion purposes. Therefore, many efforts have been made
to develop simple and effective tools for the determina-
tion of total phenols content. Because of their selectivity,
low cost, potential for miniaturization and automation, a
lot of electrochemical sensors and biosensors have been
developed. Sensors were based on cyclic voltammetry

In the last 15 years, research studies have been increas-
ingly focused on plant polyphenols and their positive
health effects. Thus, it has been proven that a diet rich in
fruits and vegetables containing various classes of poly-
phenols (phenolic acids, flavonols, catechin monomers,
proanthocyanidins, flavones, flavanones, anthocyanins)
decreases the risk of premature mortality from major
clinical conditions [1,2]. Moreover, many epidemiologi-
cal studies have concluded that tea polyphenols have
important beneficial effects on human health because of
high antioxidant activities which can protect cells against
the adverse effects of reactive oxygen species, and con-
tribute in lowering risk of certain types of cancer and
disease [3-9]. Tea is the most widely consumed beverage
in the world and is known to contain significant level of
catechins. Recently, more than 96 phenolic components
have been identified from 41 green teas and 25 fermented

teas [10,11]. Among them, the major functional compo-
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[18,19], differential pulse voltammetry or square wave
voltammetry [20,21] while an amperometric detection

FNS



Tyrosinase Biosensor Used for the Determination of Catechin Derivatives in Tea: 109
Correlation with HPLC/DAD Method

was required for the described biosensors [22-29].
Among these tools, amperometric biosensors based on
tyrosinase were promising for this purpose. Tyrosinase
catalyses the oxidation of o-diphenols (including cate-
chins) to o-quinones by consumption of molecular oxy-
gen. These quinones are electrochemically reduced at a
low potential and the measured current is proportional to
the phenolic compound concentration [30-35]. Different
aims of this work were the development of a tyrosinase
biosensor for the detection of polyphenolic compounds,
the optimization of its analytical performances, the
analysis of its reaction with different catechin standards
and the use of this tool for assessing the phenolic content
in tea. Finally, the results obtained with the developed
tyrosinase biosensor were compared with those deduced
from HPLC technique.

2. Materials and Methods
2.1. Reagents, Black and Green Teas

Tyrosinase (EC 1.14.18.1/3933 U/mg) from mushroom,
bovine serum albumin (BSA), aqueous solutions (25%
w/v) of glutaraldehyde (GA), KH,PO,, Na,HPO,, KCI,
catechol, caffeic acid (CA), (+)-catechin (C), (—)-epi-
catechin (EC), (—)-epigallocatechin (EGC), (—)-gallo-
catechin (GC), (—)-gallocatechingallate (GCG), (—)-epi-
gallocatechin gallate (EGCG), (—)-epicatechingallate
(ECQG), trifluoroacetic acid (TFA) and acetonitrile
(HPLC grade) were purchased from Sigma-Aldrich. All
other chemicals were of analytical grade. Deionised wa-
ter was produced using a three cartridges kit from Fisher.
Black and green teas were obtained from local super-
market: Black Lipton 2 g/bag, Black Lord Nelson 1.75
g/bag, Green Lord Nelson 1.75 g/bag and Green China 2
g/bag.

2.2. Buffers, Standards and Tea Samples
Preparation

In accordance to the literature [30-31,36-37], phosphate
buffer (PBS) pH 7 (0.1 M) was selected for this work. It
was prepared with 0.1 M KH,PO,, 0.1 M Na,HPO, and
0.1 M KCL. Due to their low solubility, each stock cate-
chin standard solution was prepared in an appropriate
percentage of methanol in water and was stocked at
—20°C. Concerning the extraction of polyphenols from
teas, each tea bag was infused in 100 mL of water at
90°C for 5 min and was kept at —20°C. Then, before each
measurement, suitable dilutions were prepared in water.
For the biosensor analysis, in order to avoid the fouling
of the working electrode surface caused by an insulating
polyphenolic film formation (during its electro-oxida-
tion), tea samples were first diluted 16 times. When re-
sponses were lower than the limit of quantification, less
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important dilutions (8 or 4 times) were tested. For HPLC
analysis, infusions were filtered using Minisart syringe
filter (pore size 5 pm; Sartorius, France) and diluted 20
times.

2.3. Electrodes and Biosensors Manufacture

All electrochemical experiments were carried out using a
three-electrode configuration of screen-printed electrodes
(SPE). The working electrode was a 4 mm-diameter car-
bon disk, the auxiliary electrode was a carbon curved-
line and the reference electrode was an Ag/AgCl pseudo-
reference. These CSPE were manufactured in IMAGES
laboratory using a DEK 248 printing machine. For the
conception of the biosensor, the catalytic bioreceptor is
immobilized by coreticulation in an albumin-glutaral-
dehyde cross-linked matrix. 4 uL of a solution containing
82 mlU of tyrosinase with 0.1% BSA were deposited on
the working electrode surface and kept at 4°C during 4
hours. After drying, the surface was covered with 7 uL. of
2.5% glutaraldehyde solution during 5 min, then, washed
with phosphate buffer solution. The designed biosensors,
noted (CSPE/Tyr/GA), can be immediately tested or
stored dry under vacuum at 4°C before use.

2.4. Apparatus and Measurement

Cyclic voltammograms of phenolic compounds were
realized using AUTOLAB PGSTATI2 (serial number
AUT71188 Metrohm, France) in order to determine the
optimum potential required for their amperometric quan-
tification. Amperometric experiments were carried out
using a 641-VA potentiostat (Metrohm, France) in an
electrochemical cell containing 5 mL of PBS under con-
stant stirring providing the convective transport. At —150
mV vs. pseudo-reference Ag/AgCl electrode, the current
signal was measured and transferred to a recorder (BD40
single channel, Kipp & Zonen) (Figure 1). For all stan-
dard compounds, calibrations were performed by succes-
sive additions, calibration plots representing the overall
current as a function of the substrate concentration. The
liquid chromatography (HPLC) was a L-2000 series La-
Chrom Elite® system from Merck-Hitachi (VWR, France)
consisting of a quaternary pumping system equipped
with a L-2200 autosampler and a L-2455 diode array
detector. The column used was a C18 column (Kinetex®™
2.6 um, 100 A - 100 mm x 4.6 mm, Phenomenex, France).
The two mobile phases used for gradient HPLC elution
were prepared in accordance with the protocol described
by Lee and Ong [38], (A) water containing 5% (v/v)
acetonitrile and 0.035% (v/v) trifluoroacetic acid; and (B)
water containing 50% (v/v) acetonitrile and 0.025% (v/v)
trifluoroacetic acid. The flow-rate was set at 1.0 ml/min.
The gradient of the elution was slightly modified as
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Figure 1. Experimental instrument of amperometric tyrosinase biosensor for catechins detection; a: CSPE (1 x 3.5 cm) WE:
working electrode; RE: reference electrode; CE: counter electrode; IL: insulating layer; b: immobilised enzyme; c: PBS pH 7
(0.1 M); d: magnetic bar; e: measurement cell; f: magnetic stirrer; g: connectors; h: potentiostat; i: recorder; j: amperomet-

ric responses (current measurement).

followed: 0 - 10 min 90% A, 10 - 16 min 80 % A, 16 - 20
min, 60% A, 20 - 27 min 50% A, 27 - 29 min 60% A, 29
- 33 min 90% A. The injection volume was 20 uL. Cate-
chin derivatives were detected at 205 nm and data acqui-
sition was performed using EZchrom Elite software.
Caffeic acid was added to each sample as an internal
standard before injection. After extraction of catechin
derivatives from tea (§2.2), the samples were analysed
with HPLC using the experimental conditions previously
described. The catechin concentrations in tea samples
were determined using the calibration curves realised for
the 7 catechin standards derivatives.

2.5. Statistical Analysis

The standard deviation S of a set of N repeat measure-
ments was calculated by using the common and simple
formula defined as:

s =X[(x-m) /N1

X: single measurement.

M: mean (average) measurement.

The relative precision of two or more different kinds
of measurement (example of two or more tested sensors)
was compared by calculating their percent relative stan-
dard deviation (%RSD), which was calculated by using
the equation given below:

%RSD =100*S/M

3. Result and Discussion

3.1. Cyclic Voltammetry of Tyrosinase
Substrates

Cyclic voltammograms (CV) were performed for cate-
chol and for the seven selected catechin standards, in the
presence and the absence of tyrosinase. Figure 2 shows
the CV obtained for the natural substrate of tyrosinase
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used as representative compound. As expected, in buffer
solution, only a small background current was observed.
The CV of catechol performed at a bare electrode
showed two waves. The enzymatic catalysis of catechol
to o-quinone resulted in a significant enhancement of the
cathodic peak with a well-defined sigmoid form. This
peak corresponding to the electrochemical reduction of
o-quinone appeared at around —0.2 V vs. pseudoAg/AgCl.
For amperometric determinations, —0.150 V was selected
since it provided both, a good intensity of the signal re-
corded and minimal potential interference from other
redox processes.

3.2. Reproducibility, Operational and Storage
Stabilities of the Developed Biosensor

The biosensor characteristics in terms of reproducibility
and stabilities were performed with the natural enzyme
substrate. The reproducibility of the tyrosinase-based
biosensors was evaluated by mean of 5 repetitive meas-
urements of 1 pM of catechol (RSD = 2.7% for in-
tra-electrode reproducibility); a relative standard devia-
tion of 8.14% was obtained for 12 different tested bio-
sensors (inter-electrode reproducibility). This last result
is better than the value obtained by nanofibrous mem-
brane based tyrosinase biosensor with 13.81% of RSD (n
= 10) [39]. Operational stability was investigated by
consecutive measurements of 1 uM catechol within a 4 h
period. After 80 consecutive injections, the biosensor
retained 92% of its initial activity. The CSPE/Tyr/GA
biosensor exhibited long-term operational stability.

One of the reasons to immobilize an enzyme is to im-
prove the biosensor lifetime, allowing its use over a long
period of time. Consequently, storage stability was esti-
mated by measuring the biosensor response to 1 pM
catechol each 7 or 10 days. The remained activity of the
original response of CSPE/Tyr/GA was about 84 % after
34 days and 70% after 53 days stored at 4°C. This stability
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Figure 2. Cyclic voltammogram of the tyrosinase biosensor in a phosphate buffer solution (0.1 M, pH 7) in the absence
(———) and in the presence (*s***see¢) of catechol (1 mM) at the scan rate of 25 mVsl, (esseseses) shows the response of the
sensor (without tyrosinase enzyme) in the presence of catechol (1 mM).

is much longer than those obtained by Arecchi [39] and
zejli [40] with successively 2 and 3 weeks.

3.3. Analytical Performances of the Biosensor

In addition to catechol, seven catechin derivatives (Fig-
ure 3) frequently found in teas were selected and tested
with the developed biosensor. A calibration curve has
been done for each of them. The analytical performances
of the biosensor are summarized in Table 1. Using
CSPE/tyr/GA, the detection limit of catechol (0.03 uM)
was much lower than the values obtained with tyrosinase
biosensors reported in literature [32-35,40-42]. As ex-
pected, the developed biosensor is more sensitive to
catechol than catechin derivatives according to the fol-
lowing trend: Catechol >>>> EC > C > ECG > GC >
EGC > GCG > EGCG. The natural tyrosinase substrate,
catechol was from 4 to 128 times higher than EC and
EGCG respectively. This classification of catechins can
be explained by their different chemical structures (sub-
stituents and conformation), which can affect their affin-
ity with tyrosinase. Obviously, it can be noted that all of
the tested catechins have a common meta-diphenolic
structure. However, these compounds can be classified in
two main groups. The components of the first one are EC,
C and ECG. They possess an ortho-diphenolic structure
that allows them to have a good affinity with tyrosinase.
The other compounds (EGC, GC, GCG and EGCQG),
which constitute the second group, do not have this or-
tho-diphenolic function, leading to an important decrease
regarding their affinity with the enzyme and conse-
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quently regarding the biosensor sensitivity. Both in the
first and the second group, the lowest sensitivities are
reached by ECG, GCG and EGCG. These compounds
possess a galloyl moiety at the 3-position which can
cause steric hindrance [43].

3.4. Total Phenol Content in Tea Samples Using
CSPE/Tyr/GA

The phenol content in natural samples was determined by
the developed biosensor using a standard compound as
reference. Both C and EGCG have been selected to ex-
press the phenol content in tea samples (Table 2). Due to
the different enzyme affinities, for each tested sample,
the C-EPC (Catechin Equivalent Phenol Content) was
always lower than the EGCG-EPC (EpiGalloCatechin-
Gallate Equivalent Phenol Content) using the tyrosinase
sensor. Whatever the reference compound, the relative
phenol content was always more important in green teas
than black ones. These results can be explained by the
fact that green teas are dried and unfermented products,
in which catechins are more preserved than in fully fer-
mented tea (black teas) [44]. Moreover, we noted that
Lord Nelson brand presented the highest level of cate-
chins both for the green and the black teas.

3.5. Standards and Tea Samples Analysis Using
HPLC

Using a gradient elution, the 7 catechin standard deriva-
tives were successfully separated within 15 minutes (Fig-
ure 4). Calibration curves were obtained at 205 nm for
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Figure 3. Major catechins present in green and black tea, (C): (+)-catechin; (EC): (—)-epicatechin; (ECG): (—)-epicatechin-

gallate; (GC): (—)-gallocatechin; (EGC): (-)-epigallocatechin; (GCG): (—)-gallocatechingallate and (EGCG): (—)-epigallo-
cateching.
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Table 1. Analytical properties of the biosensor CSPE/Tyr/GA for eight substrates.

Phenolic compounds Sensitivity (nA/pM) Regression coefficient R? Linear range (uM)

Catechol 21717 0.997 0.05—-23.0
EC 5245 0.993 0.10—-5.0

C 35+£3 0.998 0.25-5.0
ECG 7.9+0.6 0.995 1.00—15.0
GC 3.0+0.2 0.984 2.0—20.0
EGC 23+0.2 0.989 1.00—80.0
GCG 22+0.2 0.978 1.00—10.0
EGCG 1.7+0.1 0.977 1.00—15.0

Table 2. Phenol content in tea samples expressed both in catechin equivalent phenolic content (C-EPC) and epigallocatechin
gallate equivalent phenolic content (EGCG-EPC), estimated using the tyrosinase-based biosensor

C-EPC (umol/g) EGCG-EPC (umol/g)
Black Lipton 12.0+0.7 230+ 14
Black Lord Nelson 41+2 781 £ 32
Green Lord Nelson 75+2 1436 £43
Green China 613+2 1175 £ 31
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Figure 4. Chromatogram of catechin derivative standards mixture solution “100 pM”: (1): GC; (2): EGC; (3): C; (4): EC; (5):
EGCG:; (6): GCG and (7): ECG, monitored at UV absorbance detection at 205 nm.

each catechin derivative over the concentration range In Table 3, the individual catechin content and the to-
from 2.5 to 100 uM. After addition of caffeic acid as tal catechin content (TCC) are summarised. The TCC,
internal standard, all the tea samples were analysed by calculated by the addition of individual catechin amounts
HPLC. The chromatogram obtained for green Lord Nel- (umol/g), gave an indication of the catechin richness for
son tea is shown as an example (Figure 5). the 4 teas. The content was ranged from around 40 to 320

Copyright © 2013 SciRes. FNS
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Figure 5. Chromatogram of Green Lord Nelson tea sample, (1): GC; (2): EGC; (3): C; (IS): Internal standard: CA; (4): EC;
(5): EGCG:; (6): GCG and (7): ECG obtained by HPLC and monitored at UV absorbance detection at 205 nm.

Table 3. Individual and total catechin derivatives content (umol/g of dry tea) in green and black teas determined by

HPLC/DAD.
Tea GC EGC C EC EGCG GCG ECG TCC
Black Lipton 1.5+£0.1 6.6 0.1 22+0.2 48+0.4 10.5+0.3 0.66 +0.01 10.5+0.2 37+1
Black Lord Nelson 3.6+04 244+0.6 26+0.2 147+0.4 85+3 24+0.1 511 183+5
Green Lord Nelson 13.9+£0.7 102+4 85+ 1.1 301 106 =4 45+0.2 56+1 321+ 12
Green China 83+0.2 72+3 72+£0.5 256+13 89+5 34+0.1 49.5+0.8 255+ 11

TCC: Total Catechins Content.

umol/g dry weight. As expected, TCC determined for
green teas were higher than that of black teas. The highest
level was measured in Green Lord Nelson tea. Significant
amounts were also obtained in Green China and Black
Lord Nelson teas, while Lipton Black tea contained the
lowest quantity. Anyway, the most representative cate-
chins are EGCG, EGC and ECG, and, to a lesser extent,
EC. These 4 compounds are known to be the main cate-
chins in teas. Whatever the kind of tea, EGCG was the
major component as already described [38,45-47]. How-
ever, the proportion of EGC was higher than ECG for
green teas while ECG was more abundant in black teas.
The differences of TCC for the tested black teas may be
explained by the fact that the content of catechins can
vary depending on the species, the climate, the cultural
practices... In the case of green tea extracts, the condi-
tions and technology used for the extraction and storage
can also affect the TCC [43,44]. Anyway, catechins
composition profiles allowing the discrimination between

Copyright © 2013 SciRes.

green and black teas seem to be conceivable considering
these preliminary results.

3.6. Correlation between CSPE/Tyr/GA and
HPLC Analysis

First, it can be highlighted that EC was the main compo-
nent influencing the biosensor response for tea sample
analysis. Indeed, this compound was relatively abundant
in teas and its sensitivity with the developed biosensor
was the most important. Furthermore, in order to justify
the usefulness of the developed biosensor, two correla-
tion methods have been established, between the results
obtained for tea samples with both HPLC and biosensor
methods. Firstly, the expected response of the biosensor
for each catechin derivative present in tea was calculated
according to its real content estimated by HPLC and its
corresponding sensitivity established with biosensor.
Then, these individual responses due to each compound
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contribution were added in order to estimate the global
expected response. The following equation illustrates this
correlation:

lee = IZ:: l; =Zi7=1([cat]i 'Si)

Ice: Global Expected Current (nA).

i: Number of catechin derivatives.

li: Individual catechin current response expected by
biosensor (nA).

[Cat]: Individual catechin concentration determined by
HPLC (uM).

S: Sensitivity of individual catechin obtained with
biosensor analysis (presented in Table 1) (nA/uM).

The final results expressed in term of pmol equivalent
catechin per g of tea were showed in Table 4 and com-

pared with the real responses obtained with the biosensor.

The calculated total phenol contents were always slightly
higher than the real ones, probably due to the fouling on
the electrode surface. For all the tested tea samples, the
recovery percentage was higher than 90%. These obser-

vations prove both the applicability of the additivity law
and the accuracy of the biosensor. Secondly, a good cor-
relation was found (r = 0.992) when the results expressed
in catechin equivalent phenol content obtained with the
biosensor were plotted versus the total catechin content
achieved with the HPLC method (Figure 6). These suc
cessful correlations obtained with different types of tea,
confirm the compatibility and the complementarity of
these analytical methods and allow the use of CSPE/
tyr/GA for a rapid and in situ measurement of a bio-
electrochemical polyphenol index able to give an estima-
tion of phenol content in teas.

4. Conclusion

In the present study, we investigated the optimum ana-
lytical conditions for total polyphenol content determina-
tion by using tyrosinase biosensor, which was character-
ized by its ability to detect different polyphenols. CSPE/
tyr/GA was analytically performant. It provided high
sensitivity, long lifetime, good operational stability and a
rather good reproducibility if we take into account the

Table 4. Expected C-EPC deduced from both HPLC and biosensor analysis, real C-EPC obtained by tyrosinase biosensor.

Tea brand Expected C-EPC (umol/g of tea) Real C-EPC (umol/g of tea) Recovery percentage (%)
Black Lipton 133 12.0 90.2
Black Lord Nelson 42.1 40.7 96.7
Green Lord Nelson 83.5 74.9 89.7
Green China 66.1 61.3 92.7
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Figure 6. Correlation between the results obtained for tea samples: Black Lipton (BL), Black Lord Nelson (BLN), Green
China (GCh) and Green Lord Nelson (GLN) by using the CSPE/tyr/GA biosensor (C-EPC) and the HPLC method (TCC).
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cheapness and the easiness of biosensor preparation. Re-
ferring to the total phenolic content detected by both
methods (biosensor and HPLC), a successful compatibil-
ity and complementarity were noted between them. This
work revealed that the developed tyrosinase biosensor is
useful for a global quantification of catechin content in
teas. Even if the findings obtained with HPLC led to the
quali-quantitative analysis of catechins, this technique
required much more time than the biosensor one, which
was performed in a few minutes. Finally, this study pre-
sented a simple, time effective, inexpensive biosensor
and showed the powerfulness of this alternative tool for
tea analysis.
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