
F
n
e

S
D

a

A
R
R
A
A

K
P
L
A
C
c
C

1

m
c
d
c
i
T
t
a
t
i
a
t
t
a
y
p
b
2
n

0
d

Journal of Biotechnology 156 (2011) 39– 45

Contents lists available at ScienceDirect

Journal  of  Biotechnology

jou rn al hom epage: www.elsev ier .com/ locate / jb io tec

abrication  of  polyphenol  biosensor  based  on  laccase  immobilized  on  copper
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a  b  s  t  r  a  c  t

A  high-performance  amperometric  polyphenol  biosensor  was  developed,  based  on  covalent  immo-
bilization  of  Ganoderma  sp.  laccase  onto  copper  nanoparticles  (CuNP’s)/chitosan  (CHIT)/carboxylated
multiwalled  carbon  nanotube  (cMWCNT)/polyaniline  (PANI)-modified  gold  (Au)  electrode.  The  CuNP’s
and cMWCNT  had  a synergistic  electrocatalytic  effect  in  the  matrix  of  CHIT.  The  biosensor  showed  opti-
mum  response  at pH  6.0  (0.1  M acetate  buffer)  and  35 ◦C,  when  operated  at  50 mV s−1. The  biosensor
exhibited  excellent  sensitivity  (the  detection  limit  was  down  to  0.156  �M for  guaiacol),  fast  response
eywords:
olyphenol
accase
mperometric biosensor
uNP’s
MWCNT
HIT

time  (less  than  4 s)  and  wide  linear  range  (from  1  to 500  �M). Analytical  recovery  of added  guaiacol
was  96.40–98.46%.  Within  batch  and  between  batch  coefficients  of variation  were  <2.6%  and  <5.3%,
respectively.  The  enzyme  electrode  was  used  300  times  over  a period  of 7 months,  when  stored  at  4 ◦C.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

Polyphenols, known for their antioxidant properties are com-
only found in legumes, cereals, fruits and medicinal plants. These

ompounds provide a protective role against many chronic human
iseases associated with oxidative stress, like cancer or cardiovas-
ular diseases (Lu and Foo, 2002) and also employed as markers
n taxonomic studies and food quality control (Friedman, 1997).
herefore, it is very important to quantify the polyphenolic con-
ent in natural foodstuffs and pharmaceuticals to evaluate their
ntioxidant activity. A number of techniques for measurement of
otal polyphenolic content in plant extracts have been reported
n literature such as liquid chromatography (LC) with photodiode
rray detector (DAD) (Zgorka and Kawka, 2001), mass spectrome-
ry (MS) (Almela et al., 2006) and gas chromatography (GC) coupled
o flame ionization or mass spectrometer detectors (Aleksovski
nd Sovova, 2007). Though some of these methods were sensitive,
et are relatively cumbersome and often need derivatisation and
re-concentration steps. Enzyme based-amperometric polyphenol

iosensors have overcome these problems (Rajesh and Kaneto,
005; Roy et al., 2005; Odaci et al., 2007). Two types of phe-
oloxidases, namely tyrosinase and laccase have been used in

∗ Corresponding author. Tel.: +91 9416492413.
E-mail address: pundircs@rediffmail.com (C.S. Pundir).

168-1656/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jbiotec.2011.08.008
these biosensors. Tyrosinase is known to catalyze the oxidation
of monophenols, o-diphenols to o-quinones, while laccase (Lac)
catalyzes the oxidation of o-, m-,  and p-benzenediols and phenol
to o-, m-  and p-quinones or radical species respectively and does
not require H2O2 as a co-substrate or any cofactors for the cat-
alytic reaction (Gamella et al., 2006). Lac can reduce O2 directly
to water in a four-electron transfer step without forming H2O2,
at the expense of oxidation of a variety of mediators, e.g., 2,2′-
azinobis (3-ethylbenzothiazoline-6-sulfonate) diammonium salt
(ABTS), guaiacol and catechol, etc. A number of polyphenol biosen-
sors based on immobilized laccase have been reported (Yaropolov
et al., 1995; Fernandes et al., 2008) but most of them suffered from
leakage of enzyme due to non covalent immobilization of enzyme.

Carbon nanotubes (CNT) have been extensively used for
improvement of amperometric biosensors, as they possess many
unique properties such as good electrical conductivity, strong
adsorptive ability, excellent bioconsistency, high electrocatalytic
effect, fast electron-transfer rate and thus possess great promise
for amperometric biosensors (Zhang et al., 2004; Lin et al., 2005).
Due to excellent film-forming ability, good adhesion, biocompat-
ibility and high mechanical strength, chitosan (CHIT) has been
used as a support for immobilization of biomolecules (Chen and

Gorski, 2001; Okuma and Watanabe, 2002; Luo et al., 2005; Jiang
et al., 2006). Copper nanoparticles (CuNP’s) are known to increase
the response current, relatively inexpensive and also have good
biocompatibility. Polyaniline (PANI), a conducting polymer, has

dx.doi.org/10.1016/j.jbiotec.2011.08.008
http://www.sciencedirect.com/science/journal/01681656
http://www.elsevier.com/locate/jbiotec
mailto:pundircs@rediffmail.com
dx.doi.org/10.1016/j.jbiotec.2011.08.008
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ecome the most attractive one for formation of multi-walled car-
on nanotubes (MWCNTs/PANI) nanocomposite because of facile
reparation, superior transducing ability and good environmental
tability. We  describe herein the construction of a new nanocom-
osite of CuNP’s and MWCNTs/PANI in the matrix of CHIT and its
pplication for fabrication of an improved polyphenol biosensor.
urther, the covalent immobilization of enzyme onto hybrid elec-
rode is likely to overcome the problem of enzyme leakage.

. Experimental

.1. Chemicals

Sephadex G-100 and DEAE-Sephacel were from Sigma–Aldrich,
t. Louis, USA. Guaiacol, aniline and chitosan (MW  ∼ 1 × 106;
5–85% deacetylation) were from SRL, Mumbai and glutaraldehyde
rom Merck India Pvt. Ltd., Mumbai. Carboxylated multi-walled
arbon nanotubes (c-MWCNT) (Functionalized MWCNT) from
ntelligent Materials Pvt. Ltd., Panchkula (Haryana) India were
sed. All other chemicals were of Analytical Reagent (AR) grade.
ruit juices, alcoholic beverages of various commercial brands
nd pharmaceutical formulations (tablets + Intravenous injections)
ere purchased from local market.

.2. Apparatus

All electrochemical experiments were performed on an Auto-
ab PGSTAT 30 electrochemical workstation (Eco Chemie BV, The
etherlands) with the GPES 4.9 software. The modified gold elec-

rode of 1.0 mm diameter as working electrode, a KCl-saturated
g/AgCl electrode as reference electrode and Pt electrode as counter
lectrode were used in all electrochemical experiments. All poten-
ials were measured with respect to the reference electrode. All
xperiments were carried out at room temperature (30 ± 5 ◦C).
canning electron microscopic (SEM) images were taken at Depart-
ent of Chemistry, M.D. University, Rohtak. Fourier transform

nfrared (FTIR) spectroscopy was performed on FTIR spectrometer
Model iS10, Thermoelectron, USA) in our laboratory.

.3. Purification of laccase

The cell free extract of Ganoderma sp. Rckk02 grown in malt
xtract broth (MEB) (Dhawan et al., 2003) was used as crude lac-
ase. The crude laccase was purified at 4 ◦C using 0–80% ammonium
ulfate precipitation, gel filtration on Sephadex G-100 and ion-
xchange chromatography on DEAE-Sephacel using linear gradient
f KCl (0.1–0.6 M).  The activity and protein content of various
nzyme preparations were measured.

.3.1. Enzyme assay
Assay of laccase was based on the oxidative polymerization

f guaiacol (Vasdev and Kuhad, 1994). The reaction mixture con-
ained 0.2 �moles of guaiacol, 230 �moles of acetate buffer (pH 5.0)
nd enzyme in a total volume of 2.5 ml.  Change in absorbance of
.01 min−1 at 470 nm was studied. The unit activity of enzyme was
alculated as follow:

nit activity = A470/min. × Total vol. of reaction mixture
Extinction coefficient of guaiacol × vol. of enzyme
.3.2. Protein determination
Protein content in various enzyme preparations was  determined

y method of Lowry et al. (1951).
hnology 156 (2011) 39– 45

2.4. Preparation of CuNP’s/CHIT/cMWCNT/PANI/Au electrode

Prior to electrodeposition, the gold electrode was polished
with alumina slurry. One mg  of c-MWCNT was suspended in 1 ml
mixture of concentrated H2SO4 and HNO3 in 3:1 ratio and ultra-
sonicated for 2 h to get a finely dispersed black colored solution of
c-MWCNTs. Aniline (50 �l) was added to 10.0 ml  of 1 M HCl and
mixed with 1.0 ml  finely dispersed solution of c-MWCNT in a glass
cell. c-MWCNT and aniline were electrodeposited onto Au electrode
by immersing it in 25 ml  of 1 M KCl solution through cyclic voltam-
metry (CV) by applying 30 polymerization cycles at 0.0–1.5 V as
described (Ye et al., 2006). The resulting cMWCNT/PANI/Au mod-
ified electrode was  washed thoroughly with distilled water to
remove unbound matter and kept in dry petri plate at 4 ◦C.

CuNP’s were then electrochemically deposited on this electrode
in a 0.1% of chitosan solution containing 20.0 mM CuCl2 (Cu/CHIT)
by cycling in the potential range from −0.4 to +0.4 V (Wang et al.,
2008) at a scan rate of 50 mV  s−1 for different cycles in a 25 ml  solu-
tion containing 20 ml  1 M KCl and 5 ml  CuNP’s/CHIT solution (CHIT
solution was prepared by dissolving 0.1 g of CHIT flakes into 100 ml
of 2.0% acetic acid solution and stirred for 3 h at room temperature
until complete dissolution. The CHIT solution was  stored at 4 ◦C
when not in use).

2.5. Preparation of enzyme electrode
(Lac/CuNP’s/CHIT/cMWCNT/PANI/Au electrode)

Purified laccase was immobilized onto the
CuNP’s/CHIT/cMWCNT/PANI modified gold electrode surface
by glutaraldehyde coupling. The modified electrode was  activated
by glutaraldehyde by dipping it in 10 ml  of 2.5% glutaraldehyde for
30 min and then washing it thoroughly with distilled water (DW).
Laccase (100 �l containing 5.16 U) was  mounted on the activated
electrode and kept at 4 ◦C overnight to dry up. The resulting enzyme
electrode was  washed in DW followed by reaction buffer and then
stored in the refrigerator at 4 ◦C. The washing discard was tested
for enzyme activity and protein. No enzyme activity and protein
were detected in washing discard, which indicated 100% retention
of the enzyme on the electrode. The principle of working of this
biosensor was  as follow: Guaiacol is oxidized into its correspond-
ing o-quinone by CuNP’s/CHIT/cMWCNT/PANI/Au electrode bound
laccase and then regenerated through electrochemical reduction of
o-quinone, thus forming a bioelectrocatalytic amplification cycle
and thereby generating electrons, which are passed to working
electrode from solution (Fig. 1).

2.6. Optimization of Lac/CuNP’s/CHIT/cMWCNT/PANI modified
gold electrode

To determine the optimum working conditions of the enzyme
electrode, the pH of reaction buffer (0.1 M)  was varied from pH 3.0
to 7.0 at an intervals of pH 0.5 using acetate buffer in acidic pH
range (pH 3.0–5.0) and phosphate buffer in pH range 6.0–7.0. Simi-
larly, to determine optimum temperature, the reaction mixture was
incubated at 15 ◦C to 55 ◦C at an interval of 5 ◦C. To determine the
optimum response time, the current response was studied from 5 s
to 25 s. To study the effect of substrate concentration, different gua-
iacol concentration were prepared, ranging from 1 �M to 500 �M
were used. Km for guaiacol was calculated from Line weaver Burk
plot whose equation is given below

1 Km 1 1

I

=
Imax [S]

+
Imax

where I = current, Km = Michaelis–Menten constant,
Imax = maximum current and [S] = guaiacol concentration.



S. Chawla et al. / Journal of Biotec

2
l

n
a
i
m
p

S
l

Fig. 1. Chemical reaction catalyzed by laccase.

.7. Amperometric measurement of polyphenols in dried tea
eaves, alcoholic beverages and pharmaceutical formulations

The biosensor was employed for determination of polyphe-
ols in five commercial brands of tea leaves, alcoholic beverages

nd pharmaceutical samples. Dried tea leaves (5 g) were boiled
n 20 ml  of distilled water and filtered through a sieve. The phar-

aceutical tablets were ground to powder and dissolved in 5 ml
hosphate buffer (pH 6.0). Polyphenol level in tea leaf extract,

cheme 1. Scheme of chemical sequence of electropolymerization of CuNP’s/CHIT/cMWC
ayer  on Au electrode.
hnology 156 (2011) 39– 45 41

alcoholic beverages and pharmaceutical samples were determined
using the present biosensor in the same manner as described
above for its response measurement under its optimal work-
ing conditions except that guaiacol was replaced by the sample.
The current (mA) was recorded and the amount of polyphenols
was interpolated from standard curve between guaiacol con-
centrations and current (mA) prepared under optimal working
conditions.

3. Results and discussion

3.1. Electrode surface characterization by SEM and FTIR

The morphology of bare Au electrode, cMWCNTs/PANI/Au
electrode, CuNP’s/CHIT/cMWCNT/PANI/Au electrode and
Lac/CuNP’s/CHIT/cMWCNT//PANI/Au electrode was character-
ized by SEM studies. SEM of the bare Au electrode (Fig. 2A) showed
a smooth and featureless morphology, whereas nanocomposites
(Fig. 2B–D) displayed a stepwise immobilization of PANI/cMWCNT,
CuNP’s and laccase onto the gold electrode. Fig. 3 shows FTIR spec-
tra obtained for cMWCNT/PANI/Au electrode (curve a), and
lac/CuNP’s/CHIT/cMWCNT/PANI/Au electrode (curve b). The FTIR
spectrum of electrochemically deposited cMWCNT/PANI com-
posite (curve a) showed benzenoid and quinoid ring stretching
bands (C C) present at 1447.6 and 1594.2 cm−1. The presence of
peaks at 1129 and 3402 cm−1 is attributed to B–N+ Q stretch-
ing and –N–H stretching vibrations of PANI in the composite.
The peak at 1704 cm−1 is attributed to –C O stretching vibra-
tions, which indicates the presence of carboxyl group (–COOH).
The presences of these peaks reveal the existence of both
cMWCNT and PANI on the Au electrode. In the FTIR spectrum
of lac/CuNP’s/CHIT/cMWCNT/PANI/Au (curve b), appearance of
additional absorption bands at 1550 cm−1 is attributed to the
primary amide linkage of PANI/cMWCNT and cMWCNT/CHIT and
secondary amide linkage (C N bond) of enzyme molecule with
CHIT through glutaraldehyde showed peak at 1615–1700 cm−1

confirmed the covalent immobilization of enzyme. The character-
istic absorption bands of amino saccharide in chitosan were also
observed at 3415 cm−1, which were due to overlapping of –OH
and –NH2 stretching.
The fabrication of the polyphenol biosensor based on CuNP’s
onto c-MWCNT/PANI modified Au electrode is summarized in
Scheme 1. Firstly PANI was  electrodeposited onto Au electrode with
free –NH2 group at their ends which get linked to –COOH groups

NT/PANI on gold electrode and chemical reaction of immobilization of enzyme on
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ig. 2. Scanning electron micrographs of (A) bare gold electrode; (B) cM
ase/CuNP’s/CHIT/cMWCNT/PANI/Au electrode.

f c-MWCNT through amide bond (–CO–NH). Then, CuNPs in chi-
osan solution were electrochemically deposited on the surface of
ANI/cMWCNT. The electrodeposition method was selected to pro-
uce CuNP’s onto electrode surface, because this method is easy
o be carried out and the layer thickness can be controlled. The
xperiment results showed that CuNP’s and cMWCNTs provided

 remarkable synergistic effect towards the oxidation of guaia-
ol. When the modified electrode (CuNP’s/CHIT/cMWCNT/PANI/Au
lectrode) was treated with glutaraldehyde, its –CHO group at one
nd get attached to –NH2 group of CHIT, while the other –CHO
roup get linked to free –NH2 group of enzyme through C N bond
nd thus the enzyme is linked covalently.

To evaluate the charge-transfer properties on the surface of
he modified electrodes, cyclic voltammetry was employed, using
Cl as electrolyte. Cyclic voltammograms recorded in 1 M KCl
olution are shown in Fig. 4. Fig. 4A and B displays the cyclic
oltammograms of cMWCNT/PANI/Au modified electrode and
uNP’s/CHIT/cMWCNT/PANI/Au modified electrode, respectively.
V of cMWCNT/PANI/Au revealed two redox peaks for oxida-
ion of aniline to radical cation and then to radical dication
Feldheim and Foss, 2002). The electrodeposition of CuNP’s/CHIT
lm on cMWCNT/PANI modified gold electrode surface leads to

ncrease in current intensity as a result of increase in electroac-
ive area (Fig. 4B). The preservation of a quasi reversible electrode

rocess and the large increase in peak currents for the nanocom-
osite film modified electrode proved that CuNP’s/CHIT exerted an
bvious improvement effect on cMWCNT/PANI/Au electrode prop-
rties.
T/PANI/Au electrode; (C) CuNP’s/CHIT/cMWCNT/PANI/Au electrode; (D) lac-

3.2. Response towards guaiacol at the
CuNPs/CHIT/cMWCNT/PANI/Au electrode

To evaluate the catalytic activity of laccase at the
CuNP’s/CHIT/cMWCNT/PANI/Au electrode, the modified elec-
trode was  characterized by a cyclic voltammogram in the potential
range, −0.4 V to +0.4 V using guaiacol as substrate. Fig. 4C shows
cyclic voltammograms of the CuNP’s/CHIT/cMWCNT/PANI/Au
electrode in an unstirred 0.1 M KCl solution (20 ml) and 0.1 M
acetate buffer, pH 6.0 (5 ml)  without (curve a) and with (curve
b) guaiacol solution at scan rate 50 mV  s−1. The addition of
2 �M guaiacol led to increased oxidation peak current but
suppressed reduction current, which showed the catalytic
properties of modified electrode towards the oxidation of
guaiacol.

3.3. Optimization of experimental conditions of biosensor

The biosensor showed maximum response at pH 6.0, which
is higher than laccase bound to polyvinylpropylidone (PVP)
gel in a cellophane membrane (pH 5.5) (Roy et al., 2005),
poly(ethyleneimine) microcapsules (pH 5.75) (Rochefort et al.,
2008), CNT modified glassy carbon electrode (pH 5.6) (Liu
et al., 2008), copper-containing ordered mesoporous carbon (Cu-

OMC)/chitosan matrix (pH 5.0) (Xu et al., 2010) but lower than
that of hydrophilic matrix (pH 6.5) (Vianello et al., 2006). There-
fore, a pH of 6.0 was  used in subsequent experiments. The
optimum working temperature of biosensor was  35 ◦C, which is
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Fig. 3. FTIR spectra of (a) cMWCNT/PANI/Au electrode and (b) lac-
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ase/CuNP’s/CHIT/cMWCNT/PANI/Au electrode.

imilar to that of copper-containing ordered mesoporous carbon
Cu-OMC)/chitosan matrix (Xu et al., 2010), but lower than silane-

odified platinum surface (Quan et al., 2004). PANI, being a good
hermal insulator for enzymes provided the microenvironment to
rotect the enzyme from environmental and thermal variations,
hich favours the repeated use of CuNP’s/CHIT/cMWCNT/PANI

lectrode (Iijima, 1991). The effect of the scan rate from 25
o 200 mV  s−1 on the biosensor response using 2 �M guaiacol
n 0.1 M acetate buffer solution (pH 6.0) was also investigated.

−1

 potential scan rate of 50 mV  s was selected to obtain the
ighest analytical signal and very good cyclic voltammogram pro-
les.
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for  effect of guaiacol concentration on response of polyphenol biosensor based on
CuNP’s/CHIT/cMWCNT/PANI/Au electrode bound laccase.

3.4. Evaluation of biosensor

3.4.1. Linearity
There was a linear relationship between current (mA) and gua-

iacol concentration ranging from 1.0 to 500 �M in the reaction
mixture (Fig. 5), which is better than biosensor based on laccase
immobilized onto matrix of carbon nanotubes–chitosan composite
(1.2–30 �M and 3.3–40 �M)  (Liu et al., 2006; Diaconu et al., 2010),
Cu-OMC/chitosan matrix (0.67 �M–15.75 �M)  (Xu et al., 2010), Pt
nanoparticles (0.999–213 �M)  (Brondani et al., 2009) but similar
to that based on enzyme immobilized onto hydrophilic matrix

(0–500 �M)  (Vianello et al., 2006). Km for guaiacol was  333.33 �M,
which is comparable to that of laccase bound to hydrophilic mem-
brane (339 �M)  (Vianello et al., 2006). A linear relationship was
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order to establish the reproducibility and variability of the present
electrode (Table 2). The results presented in Table 2 show no
significant variation (CV less than 6% in all cases), confirming the
reproducibility of present electrode.

Table 1
Polyphenol level in different brands of dried tea leaves, alcoholic
beverages and pharmaceutical formulations as measured by lac-
case/CuNP’s/CHIT/cMWCNT/PANI/Au electrode.

Samples Polyphenol level (mM)
Mean ± SDa (n = 4)

1. Tea
(a) Red label 0.025 ± 0.003
(b)  Tata 0.143 ± 0.002
(c)  Vijay 0.224 ± 0.005
(d)  RCM 0.205 ± 0.004
(e)  Nescafe powder 0.225 ± 0.003

2.  Alcoholic beverages
(a) Officer’s choice 0.216 ± 0.002
4 S. Chawla et al. / Journal of 

lso observed for standard adrenaline in the range 1–500 �M by
he present biosensor (Fig. not shown).

.4.2. Detection limit
The detection limit of the present sensor was  0.156 �M,

hich is lower than that of enzyme electrode based on carbon
anotubes–chitosan composite (0.66 �M and 0.275 �M)  (Liu et al.,
006; Diaconu et al., 2010) and Cu-OMC/chitosan matrix (0.67 �M)
Xu et al., 2010).

.4.3. Stability and reusability of biosensor
The electrode lost 20% of its initial activity after its 300 uses over

 period of 7 months, when stored at 4 ◦C which is much better
han earlier biosensors (Vianello et al., 2006; Brondani et al., 2009;
u et al., 2010). The enzyme electrode was constructed thrice and
ffect of storage at 4 ◦C was studied on the response of these three
imilarly constructed electrodes. The results given in Fig. 6 show
ractically no variation in storage stability of the three electrodes.

To test the reproducibility and reliability of the present biosen-
or, polyphenol level in six tea samples was determined on single
ay (within batch) and five times again after storage at −20 ◦C
or one week (between batch). The results showed that deter-

inations were consistent and within and between coefficients
f variation (CVs) were 2.6% and 5.3% respectively, which is bet-
er than earlier reports (Montereali et al., 2010; Brondani et al.,
009). These results showing high precision indicated the good
eproducibility and consistency of the present method, which
ould be attributed to the excellent immobilization of laccase onto
uNP’s/CHIT/cMWCNT/PANI/Au electrode.

.4.4. Recovery
The analytic recovery of a known amount of added adrenaline

nto a pharmaceutical formulation (adrenaline injection) was
etermined by the present biosensor. The analytic recoveries of
dded 30 and 60 �M of adrenaline (final concentration in reaction
ixture) were 96.40% and 98.46% respectively, which is compara-

le to the earlier reports (Montereali et al., 2010; Brondani et al.,
009).

.4.5. Accuracy
To determine the accuracy of the method, the level of polyphe-

ol in 15 alcoholic beverages was determined by standard
pectrophotometric method (x) and the present method (y). The
olyphenol values obtained by both the methods were in agree-

ent with each other with a good correlation (r = 0.97) (Fig. 7).

hese evaluation studies showed that the method was  fairly reli-
ble with high recovery and in agreement with the standard
ethod.
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ig. 6. Effect of storage at 4 ◦C on the response of three similar
uNP’s/CHIT/cMWCNT/PANI/Au electrodes.
Fig. 7. Correlation between polyphenol values in alcoholic beverages determined
by  standard spectrophotometric method and present method.

3.5. Determination of polyphenolic level in tea, alcoholic
beverages and pharmaceutical formulations

Polyphenolic level, as measured by the present biosensor,
ranged from 0.025–0.225 mM in dried tea leaves, 0.216–0.232 mM
in alcoholic beverages and 0.138–0.242 mM in pharmaceutical for-
mulations (Table 1).

Three similarly constructed enzyme electrodes (lac-
case/CuNP’s/CHIT/cMWCNT/PANI/Au electrode) were employed
for determination of polyphenolic level in dried tea leaves in
(b)  Royal challenge 0.228 ± 0.004
(c)  Aristocrat 0.232 ± 0.002
(d)  Bagpiper 0.230 ± 0.003
(e)  Bonnie 0.223 ± 0.004

3.  Pharmaceutical formulations
(a) Syndopa-110 0.218 ± 0.003
(b)  Syndopa-275 0.213 ± 0.002
(c)  Alpha-dopa 0.225 ± 0.005
(d)  Dopamine 0.185 ± 0.004
(e)  Isoprenaline 0.138 ± 0.003
(f)  Adrenaline 0.242 ± 0.003

a SD = standard deviation.

Table 2
Determination of polyphenol level (mM) in different dried tea leaves by lac-
case/CuNP’s/CHIT/cMWCNT/PANI/Au electrode, prepared thrice.

Sample no. First electrode
Mean ± SDa (n = 4)

Second electrode
Mean ± SDa (n = 4)

Third electrode
Mean ± SDa (n = 4)

1 0.025 ± 0.003 0.023 ± 0.005 0.022 ± 0.004
2  0.143 ± 0.005 0.140 ± 0.002 0.141 ± 0.007
3  0.224 ± 0.005 0.226 ± 0.008 0.223 ± 0.003
4  0.202 ± 0.004 0.205 ± 0.009 0.207 ± 0.006
5  0.226 ± 0.003 0.225 ± 0.005 0.228 ± 0.008

a SD = standard deviation.
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. Conclusion

A  novel amperometric polyphenol biosensor was  fabri-
ated, based on covalent immobilization of laccase onto
uNP’s/CHIT/cMWCNT/PANI/Au electrode. The resulting working
lectrode showed better analytic characteristics such as a wider
etermination range, faster response time and higher stability
ompared to earlier biosensors.
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