
Abstract A biosensor based on stearic acid-graphite
powder modified with sweet potato (Ipomoea batatas (L.)
Lam.) tissue as peroxidase source was constructed and ap-
plied in organic solvents. Several parameters were studied
to evaluate the performance of this biosensor such as
stearic acid-graphite powder and tissue composition, type
and concentration of supporting electrolyte, organic sol-
vents, water/organic solvent ratio (% v/v) and hydrogen
peroxide concentration. After selection of the best condi-
tions, the biosensor was applied for the determination of
hydroquinone in cosmetic creams in methanol. At the per-
oxidase electrode hydroquinone is oxidized in the pres-
ence of hydrogen peroxide and the radical formed was re-
duced back electrochemically at –180 mV vs Ag/AgCl
(3.0 mol L–1 KCl). The reduction current obtained was
proportional to the concentration of hydroquinone from
6.2 × 10–5 to 1.5 × 10–3 mol L–1 (r = 0.9990) with a detec-
tion limit of 8.5 × 10–6 mol L–1. The recovery of hydro-
quinone from two samples ranged from 98.8 to 104.1%
and an RSD lower than 1.0% for a solution containing 
7.3 × 10–4 mol L–1 hydroquinone and 1.0 × 10–3 mol L–1

hydrogen peroxide in 0.10 mol L–1 tetrabutylammonium
bromide methanol-phosphate buffer solution (95:5% v/v)
(n = 10) was obtained.

Introduction

Since the invention of the first carbon paste electrode
(CPE) by Adams in 1958 [1] several composite electrodes
were developed [2, 3]. It generally consists of electrically
conducting graphite powder and an organic liquid which
is immiscible with the contacting aqueous solution. CPEs
gain increasing popularity after modification of the com-

posite by immobilization of both active mediators and en-
zymes [3]. These electrodes exhibit rather low background
currents over a large range of potential when compared
with other solid electrodes, offering an easy renewability
of their surface as well as a high versatility and simplicity
of modification [2–5].

The real chemical modification of a CPE was done by
Cheek and Nelson [6] by introducing complexing func-
tional groups to the carbon surface for the preconcentra-
tion of Ag(I). Enzymes have been used in conjunction
with carbon paste electrodes ever since the late 1970s,
when Yao and Musha used alcohol and L-lactate dehydro-
genases [7]. Since then, an exponentially increasing num-
ber of publications followed, mainly dealing with modi-
fied carbon paste electrodes with crude extract [8, 9] and
tissue [3, 10].

The first report of a biosensor in which the biocatalyst
was in direct contact with the organic phase appeared in
1988, when Hall et al. described an amperometric enzyme
electrode based on polyphenol oxidase for the measure-
ment of phenols in chloroform [11, 12]. The ability of the
enzyme to operate in organic solvents offers unique op-
portunities to the field of biosensors. Organic phase en-
zyme electrodes (OPEEs) have been employed in the de-
tection of compounds of analytical and environmental in-
terest. These include phenols [13] and peroxides [14–16].
The advantages of using OPEEs are well discussed in sev-
eral articles [17–23].

The stearic acid-modified carbon paste electrode
(StCPE) developed by Blaha and Lane [24] was exten-
sively applied to in vivo monitoring of neurochemicals
and one of the advantage of this electrode in voltammetric
measurements is that it repels ascorbic acid and other neg-
atively charged species and attracts positively charged
neurotransmitters such as dopamine. The differences be-
tween StCPE performances after exposure to surfactant
and brain tissues were recently presented by Petit et al.
[25].

In this work, a biosensor based on stearic acid-graphite
powder modified with sweet potato (Ipomoea batatas (L.)
Lam.) tissue as peroxidase source was constructed and ap-
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plied to the determination of hydroquinone in methanol.
The results obtained with this biosensor will be compared
with those obtained using a paraffin-graphite powder
electrode modified with the same potato tissue and also in
terms of physical properties of the organic solvents used.

Experimental

Apparatus. All electrochemical experiments were carried out in a
15 mL thermostated glass cell at 25°C. A three-electrode assembly
incorporating stearic acid-graphite powder modified with sweet
potato (Ipomoea batatas (L.) Lam.) tissue (StCPET) as working elec-
trode, an Ag/AgCl (3.0 mol L–1 KCl) reference and a platinum
auxiliary electrode was used in all measurements. Cyclic voltam-
metric and amperometric measurements were performed with an
EG&G PAR, Model 264A polarographic analyzer/stripping volt-
ammeter.

Reagents and solutions. All reagents were of analytical-reagent
grade and all solutions were prepared with water from a Millipore
(Bedford, MA, USA) Milli-Q system, Model UV Plus Ultra-Low
Organics Water.

StCPE and StCPET were prepared using stearic acid (Sigma)
and graphite powder (grade # 38) from Fisher.

The following organic solvents obtained from Aldrich (Mil-
waukee, WI, USA) were used: acetone, acetonitrile, 1-butanol, chlo-
roform, ethanol, methanol, 1-propanol, 2-propanol and tetrahydro-
furan. Molecular sieves were used to remove trace amounts of wa-
ter from all the solvents. The water content was less than 0.05% in
weight which was determined using a Karl-Fischer procedure.

In the supporting electrolyte study tetraethylammonium bromide
(TEAB), tetramethylammonium bromide (TMAB), tetrabutyl-
ammonium bromide (TBAB), tetrabutylammonium perchlorate 
(TBPAP) and tetrabutylammonium tetrafluoroborate (TBATFB)
from Aldrich were used as conducting salts.

Hydroquinone was purchased from Sigma (St. Louis, MO,
USA) and a 2.5 × 10–2 mol L–1 stock solution was prepared daily
in 0.10 mol L–1 TBAB methanol-phosphate buffer solution 
(0.1 mol L–1 and pH 7.0) (95:5% v/v).

Solutions of citric acid, magnesium stearate, methylparaben,
octylmethoxycinnamate, poly(ethylene glycol), propylparaben, and
starch (Sigma) were prepared by dissolving the respective com-
pounds in methanol and used for the interference study.

Hydrogen peroxide (Sigma) (10–2 mol L–1) standard solutions
were prepared daily in 0.10 mol L–1 TBAB methanol-phosphate
buffer solution (0.1 mol L–1 and pH 7.0) (95:5% v/v).

Two Brazilian cosmetic creams such as Clariderm (Feliste,
Guarulhos/SP, Brazil) and Claripel (Stiefel, Guarulhos/SP, Brazil)
were obtained from a local store and analyzed using the proposed
biosensor and United States Pharmacopoeia procedures [26].

Preparation of sweet potato tissue powder. Healthy sweet potato
(Ipomoea batatas (L.) Lam.), purchased from a local producer
were selected, washed, hand-peeled, chopped and lyophilizated for
3 h at 4 °C. A domestic liquefier was used to obtain fine powders
and the particle size was selected by passing them through sieves
with known mesh size (<100 µm), stored in a desiccator at 25°C
and used as a source of peroxidase (donor; hydrogen peroxide ox-
idoreductase, POD; EC.1.11.1.7).

StCPE and StCPET electrodes construction. The solid carbon
paste electrodes were prepared manually by melting 0.140 g of
stearic acid (28% w/w) in a mortar thermostatically controlled in a
water bath at a temperature close to its melting point (67–69°C).
Subsequently, a mass of 0.285 g of graphite powder (57% w/w)
was added and mixed for 5 min with a glass spatula to obtain a ho-
mogeneous paste. Thus, 0.075 g of solid bovine serum albumin
(BSA) (15% w/w) was added for the StCPE preparation and mixed
with a glass spatula for 2–3 min. A mass of 0.075 g of sweet potato

powder (15% w/w), containing 1500 units of peroxidase, was used
in another mixture of stearic acid-graphite powder, as prepared be-
fore, for StCPET preparation. A portion of each mixture (about
0.167 g) was packed into the tip of a 1 mL insuline plastic syringe
and a silver wire was inserted to obtain the external electric contact
as described elsewhere [8, 9].

These electrodes were immersed in 10 mL of organic solvent
containing 0.1 mol L–1 TBAB methanol-phosphate buffer solution
(95:5% v/v) for 5 min before each determination and the StCPET
was stored at 4 °C in a refrigerator when not in use.

Procedure. All measurements were made at room temperature (25
± 1°C) in 1.0 × 10–3 mol L–1 hydrogen peroxide in 0.10 mol L–1

TBAB methanol-phosphate buffer solution (95:5% v/v).
An accurate amount ranging from 1.5–3.0 g of each cosmetic

cream sample was dissolved in 40 mL of methanol containing 
0.1 mol L–1 TBAB methanol-phosphate buffer solution (95:5%
v/v) with stirring until sample dissolution and the volume was ad-
justed with this solvent in a 50 mL calibrated flask. Aliquots of
400 µL of this sample solution were added to a thermostated glass
cell containing 10 mL of 1.0 × 10–3 mol L–1 hydrogen peroxide in
0.1 mol L–1 TBAB methanol-phosphate buffer solution (95:5%
v/v). The determination of the hydroquinone content in the sam-
ples was performed after successive addition of reference hydro-
quinone solutions in the same organic-water mixture. After each
aliquot addition, cyclic voltammograms were recorded by cy-
cling the potential between +400 and –400 mV at a scan rate of
100 mV s–1. The amperometric measurements were performed at
–180 mV and the resulting cathodic current was displayed on the 
x-t recorder.

Results and discussion

Peroxidase catalytic cycle and voltammetric studies. The
catalytic cycle involving native peroxidase (Fe3+), HRP,
hydrogen peroxide and hydroquinone, S, can be explained
by the three following steps [27–33]:

HRP + H2O2 → Cpd I + H2O (1)

Cpd I + S → Cpd II + S� (2)

Cpd II + S → HRP + S� + H2O (3)

The first step (1) comprises a two-electron oxidation of
the ferriheme prosthetic group of the native peroxidase,
HRP, by hydrogen peroxide with formation of an unstable
intermediate, two oxidizing equivalents above ferric state,
consisting of ferryl iron and a porphyrin π cation radical
(Cpd I) and water. In the next step (2), Cpd I loses one ox-
idizing equivalent by one-electron reduction of the first
electron donor S forming Cpd II (iron with an oxidation
state +4) and S� free radical. Then, in the step (3), Cpd II
receives an additional electron from S, whereby the en-
zyme is returned to its native state (Fe3+). Also, the perox-
idase immobilized in this electrode [33] can be oxidized
by hydrogen peroxide according to reaction (1) and then
subsequently reduced by electrons provided by the elec-
trode, according to reaction (4):

Cpd I + 2 e– + 2 H+ → HRP + H2O (4)

As pointed out by Gorton et co-workers [31–33], this
process is usually referred to a direct electron transfer
(DET), i. e., when an electrode substitutes the electron
donor substrates in a common peroxidase reaction cycle
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(1)–(3). When an electron donor (S), such as hydro-
quinone, is present in a peroxidase-electrode system, both
processes can occur simultaneously and the oxidized
donor S� is reduced eletrochemically by the electrode as
shown in reaction (5):

S� + e–+H + → S (5)

The reaction sequence [33] (reactions (1), (2), (3) and (5))
is known as mediated electron transfer (ET), which is usu-
ally more efficient compared to DET.

In this study, cyclic voltammetric measurements were
performed by scanning the potential between +400 and
–400 mV vs Ag/AgCl at a scan rate of 100 mV s–1 using
both electrodes StCPE and StCPET, as working elec-
trodes.

Figure 1 shows cyclic voltammograms obtained with
StCPE electrode (1A and 1B) and StCPET (1C and 1D)
in an unstirred 1.0 × 10–3 mol L–1 hydrogen peroxide in
0.1 mol L–1 TBAB methanol-phosphate buffer solution
(95:5% v/v) without (1A and 1C) and with 7.3 × 10–4 mol
L–1 hydroquinone solution (1B and 1D). As can be seen,
the StCPE (1B) presented a cathodic current at a peak po-
tential of ca. –124 mV. When the StCPET was used, there
is an increase of electrode response as predicted by the
above catalytic cycle at a peak potential of –180 mV.

Effect StCPET composition. The effect of the stearic acid
varying from 13 to 33% (w/w) and graphite powder from
72 to 52% (w/w) at a fixed amount of sweet potato tissue
of 15% (w/w) on the StCPET (biosensor) response for 
7.3 × 10–4 mol L–1 hydroquinone and 1.0 × 10–3 mol L–1

hydrogen peroxide in 0.1 mol L–1 TBAB methanol-phos-
phate buffer solution (95:5% v/v) was initially investi-

gated. The best stearic acid-graphite composition (i.e.
electrode showed the best response (best S/N)) was found
to be 28% (w/w) stearic acid with 57% (w/w) graphite
powder. Therefore, this composition were then selected.
An additional study was then conducted aiming to select
the best sweet potato tissue (powder) amount. So, the ef-
fect of tissue amount from 5 to 20% (w/w), at a fixed
graphite powder composition of 57% (w/w), on the StCPET
response was studied. Biosensors containing 15% (w/w)
of the tissue powder showed the best response (best sig-
nal/noise response). Thus, this composition was used in
the construction of the StCPET.

In addition, biosensors constructed with a mixture of
stearic acid + paraffin in the ratio of 28:0; 26:2, 24:4, 21:7
and 14:14% (w/w), respectively, at 57% (w/w) graphite
powder and 15% (w/w) tissue powder amounts were also
investigated. The biosensor response decreases (42.0;
32.6; 20.2; 12.7 and 12.3 µA, respectively) as the paraffin
amount increases from 0 to 14% (w/w) in the composite,
confirming the good performance of the StCPET obtained
with stearic acid used as binding agent.

Effect of type and concentration of supporting electrolyte.
The effect of supporting electrolytes generally used for
the organic phase enzyme electrode such as TEAB, TMAB,
TBAB, TBPAP and TBATFB at a fixed concentration
each one of 0.05 mol L–1 for 7.3 × 10–4 mol L–1 hydro-
quinone and 1.0 × 10–3 mol L–1 hydrogen peroxide solu-
tion in methanol-phosphate buffer solution (95:5% v/v)
on the biosensor response was exploited. The StCPET re-
sponse (cathodic peak current in µA) increased in the fol-
lowing order: TMAB (8.6), TEAB (25.7), TBPAP (34.8),
TBATFB (37.2) and TBAB (39.8). Consequently, in all
further studies TBAB was used as supporting electrolyte.

The effect of TBAB concentration varying from 0.025
to 0.30 mol L–1 in methanol-phosphate buffer solution
(95:5% v/v) on the biosensor response was also investi-
gated. The cathodic peak current signal increased with the
increase of the electrolyte concentration up to 0.10 mol
L–1 TBAB, then levels off in higher concentrations, indi-
cating that in solutions with 0.10 mol L–1 concentration
the migration of ions reached a constant value. Therefore,
a concentration of 0.1 mol L–1 was selected.

Effect of solvents and physical properties. Klibanov [20]
has shown that enzymes may be more stable in organic
solvent than in water and that horseradish peroxidase
from 10 to 100% is as active in optimal organic media as
is in water. Hence, organic solvents can induce extensive
changes in enzyme activity and specificity. This is be-
cause the enzyme structure and reactivity depends on sev-
eral non-covalent interactions in the biocatalyst, such as
hydrogen bonding, ionic, van der Waals and hydrophobic
interactions [17, 18]. In the study of the effect of solvents
on the biosensor response several solvent parameters have
been considered like log P, solubility parameter (Hilde-
brand parameter), dielectric constant (ε), dipole moment
(µ), hydrogen bonding (γ), and polarizability (α). Unfor-
tunately, insufficient data of γ and α were available in the
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Fig.1 Cyclic voltammographs obtained with StCPE electrode 
(1A and 1B) and StCPET (1C and 1D) in an unstirred 1.0 ×
10–3 mol L–1 hydrogen peroxide in 0.1 mol L–1 TBAB methanol-
phosphate buffer solution (95:5% v/v) without (1A and 1C) and
with 7.3 × 10–4 mol L–1 hydroquinone solution (1B and 1D). Scan
rate of 100 mV s–1 and Ecp of –180 mV, at 25°C



literature to justify a comparison between biosensor re-
sponse and these polarity parameters.

The parameter P (the partition coefficient of the sol-
vent between octanol and water) is widely accepted as a
quantitative measure of solvent polarity [23, 30]. The sol-
ubility parameter of Hildebrand is fundamentally based
on the solution theory and describes the intrinsic thermo-
dynamic state properties of a solvent and denotes a mea-
sure of the overall cohesive energy density of a solution
[34, 35]. The dielectric constant is a measure of the rela-
tive permittivity, and governs the ability of solvents to
weaken the electrostatic forces around the charged and
polar active site of the enzyme [18, 36]. Finally, the dipole
moment expresses the electrical polarity of a molecule.
The dipole moment is a vector quantity since it has a def-
inite direction as well as a magnitude [36].

The effect of different organic solvents containing 1%
(v/v) water (buffer solution), such as acetone, acetonitrile,
1-butanol, chloroform, ethanol, methanol, 1-propanol, 2-
propanol and tetrahydrofuran on the StCPET performance
was studied. Table 1 presents the StCPET responses for
7.3 × 10–4 mol L–1 hydroquinone and 1.0 × 10–3 mol L–1

hydrogen peroxide solution in 0.10 mol L–1 TBAB as a
function of solvent parameters such as log P values, solu-
bility parameter, dielectric constant and dipole moment.
As can be observed from this table, there is a trend that
the StCPET response decreases with the increase of the
log P, indicating that the electrode response is directly
proportional to the solvent polarity. This behavior is not
expected, once polar solvents generally affect enzymatic
activity by interacting directly with the essential water
around the enzyme molecule. Although this interaction
may not affect the enzyme itself, this electrode was active
in both hydrophilic and hydrophobic organic solvents.
One possible explanation for this is that peroxidase onto
the stearic acid/graphite composite is capable of retaining
its hydration shell very tightly even in polar organic sol-
vents [23]. With increasing of the solubility parameter
(Hildebrand parameter) there is a tendency of increasing
response of the StCPET. The same tendency was observed
for the dielectric constant. Regarding the dipole moment
the response profile is not well defined.

A comparison of the StCPET used with the response of
a paraffin/graphite electrode [37] in each of the solvents

studied shows that the analytical signals of StCPET were
much higher than those obtained with the paraffin/
graphite electrode applying the same electrode composi-
tions. For 7.3 × 10–4 mol L–1 hydroquinone and 1.0 ×
10–3 mol L–1 hydrogen peroxide in 0.10 mol L–1 TBAB
methanol-phosphate buffer solution (95:5% v/v), the re-
sponse of paraffin/graphite electrode was 7.2 µA while
StCPET was 42.0 µA. A possible explanation for this
could be the strong hydrogen bonding between the car-
boxylate anion of stearic acid with the hydroxyl groups of
hydroquinone that can approximate the analyte and the
electrode surface with more efficacy than that of the
biosensor based on paraffin. Another possibility is the dis-
tinct interaction between the active site of enzyme and
stearic acid or paraffin in both electrodes, leading to a dis-
criminated response for each of these biosensor.

Effect of water and hydrogen peroxide concentration. A
minimum amount of water in the organic solvent is usu-
ally required for the catalytic enzyme activity. This is be-
cause water participates, directly or indirectly, in all non-
covalent bonding and to the hydrogen bonds of the protein
structure. Nevertheless, the appropriate amount of water
necessary for enzyme activity in organic solvent has been
discussed in several papers [17–22].

The amount of water required for the biosensor to re-
spond in such media depends on solvent and enzyme.
Thus, the effect of methanol or acetone in 0.1 mol L–1

TBAB phosphate buffer solution (pH 7.0) ranging from 0
to 50% (v/v) on the StCPET response for 7.3 × 10–4 mol
L–1 hydroquinone and 1.0 × 10–3 mol L–1 hydrogen perox-
ide solution is shown in Fig.2. The addition of water in
both solvents increased significantly the StCPET response
up to 5% (v/v) water (buffer solution). For the methanol-
water system the electrode response was constant for wa-
ter contents higher than 5% (v/v) and in the case of the
acetone-water system, the electrode response decreases
about 35% for water contents from 5 to 50% (v/v). In this
work, a composition of 95:5% (v/v) methanol-buffer solu-
tion was selected.

The effect of hydrogen peroxide concentration from
5.0 × 10–4 to 1.0 × 10–2 mol L–1 on the StCPET response
was also exploited. The optimum hydrogen peroxide con-
centration found was 1.0 × 10–3 mol L–1. This concentra-
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Table 1 Response of the
StCPET for hydroquinone in
different organic solvents

log P values are as given by
Laane et al. [30]
Solubility parameter values are
as given by Morrison and
Freiser [35]
Dielectric constant and dipole
moment values are as given by
Marcus and Kertes [36]
a These organic solvents dis-
solve solid stearic acid degrad-
ing the electrode carbon com-
posite surface

Solvents Current Relative log P Solubility Dielectric Dipole 
(µA) response parameter constant moment

(%)

Methanol 42.0 100 –0.76 14.5 32.6 1.67
Acetone 39.7 94.5 –0.23 10.0 20.7 2.8
Ethanol 26.7 63.6 –0.24 12.7 24.3 1.7
Acetonitrile 23.4 55.7 –0.33 – 36.2 3.4
1-Propanol 23.0 54.8 0.28 11.9 22.2 1.66
2-Propanol 21.8 51.9 – 11.5 13.8 1.65
1-Butanol 10.5 25.0 0.80 11.4 16.1 1.68
Tetrahydrofurana – – 0.49 – 6.4 1.71
Chloroforma – – 2.00 9.3 4.8 1.20



tion was then selected. Table 2 summarizes the range over
which each variable was investigated and the optimal
value found.

Study of interference, repeatability, reproducibility and
lifetime. The effect of excipient substances frequently
found with hydroquinone in cosmetic creams, such as
citric acid, magnesium stearate, methylparaben, octyl-
methoxycinnamate, poly(ethylene glycol), propylparaben
and starch were evaluated using the proposed StCPET.
The ratios of the concentration of hydroquinone to those
of the excipient substances were fixed at 0.1, 1.0 and 10.0.
None of these substances interfered with the electrode re-
sponse.

The relative standard deviation was <1.0% for solu-
tion containing 7.3 × 10–4 mol L–1 hydroquinone and 1 ×
10–3 mol L–1 hydrogen peroxide solution (n = 10) in 
0.10 mol L–1 TBAB methanol-phosphate buffer solution
(95:5% v/v). The reproducibility of five biosensors shows

only a slight variation of ca. 3.2% of the analytical curve
slope.

During 7 months of intermittent use, the sensitivity of
the electrode decreased to 50% of its initial value and at
least 900 assays could be performed with a single biosen-
sor, confirming the high stability of StCPET. The only
two exception were observed in chloroform and tetrahy-
drofuran, because these organic solvents dissolve solid
stearic acid degrading the surface of the carbon composite
electrode.

Analytical characteristics and applications. Under the op-
timum conditions, i.e., stearic acid/graphite/tissue sweet
potato, 57:28:15% (w/w) 0.1 mol L–1 TBAB in methanol-
phosphate buffer solution (95:5% v/v) and reference
hydroquinone solution concentration from 6.2 × 10–5 to 
2.7 × 10–3 mol L–1, the analytical curve was established.
Hydroquinone in cosmetic creams was determined amper-
ometrically at a potential of –180 mV.

The analytical curve was rectilinear in the hydroquinone
concentration range from 6.2 × 10–5 to 1.5 × 10–3 mol L–1

(Icp = 0.81 + 5.47 × 104 [H2A]; r = 0.9990), where Icp is 
the cathodic peak current in µA and [H2A] is the 
hydroquinone concentration in mol L–1 with a detec-
tion limit (three times the signal blank/slope) of 8.5 ×
10–6 mol L–1.

Recoveries varying from 98.8 to 104.1% of hydro-
quinone from two commercial products (Claripel and
Clariderm) were obtained using the StCPET. In this study,
27.0; 54.0; 80.4 and 105.7 mg L–1 of hydroquinone solu-
tions were added to each sample and the cathodic current
peak was obtained. The recovery results obtained did not
show any matrix effect.

The procedure proposed was validated by applying it
to the determination of hydroquinone in cosmetic creams.
Table 3 shows the results obtained for six samples using a
Pharmacopoeia [26] method in comparison to those deter-
mined by the proposed StCPET. Applying a paired-t test
in the results obtained, it was found that all results are in
agreement at the 95% confidence level and within an ac-
ceptable range of error.
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Fig.2 Effect of methanol or acetone in 0.1 mol L–1 TBAB phos-
phate buffer solution (pH 7.0) ranging from 0 to 50% (v/v) on the
StCPET response for 7.3 × 10–4 mol L–1 hydroquinone and 1.0 ×
10–3 mol L–1 hydrogen peroxide solution

Table 2 Optimization of biosensor (StCPET) parameters

Biosensor Range studied Optimal value
parameter

Stearic acid 13 –33 (% w/w) 28 (% w/w)
Graphite powder 52 –75 (% w/w) 57 (% w/w)
Tissue 5.0–20 (% w/w) 15 (% w/w)

composition
Electrolyte TEAB, TMAB, TBAB, TBAB

TBAP and TBATF
TBAB 0.025–0.2 mol L–1 0.1 mol L–1

Solvent Acetone, acetonitrile, Methanol 
1-butanol, chloroform,
ethanol, methanol, 
1-propanol, 2-propanol,
tetrahydrofuran

Water 0.0–50.0 (% v/v) 5.0 (% v/v)
Hydrogen  5.0 × 10–4–1.2 × 1.0 × 10–3 mol L–1

peroxide 10–2 mol L–1

Scan rate 20–200 mV s–1 100 mV s–1

Table 3 Determination of hydroquinone in cosmetic creams using
the Pharmacopeia and biosensor

Sample Hydroquinone (mg g–1) Relative
error (%)

Pharmacopoeia StCPET

Clariderm
A 23.2 ± 0.1 23.0 ± 0.2 – 0.9
B 22.9 ± 0.1 22.5 ± 0.1 –1.7
C 22.6 ± 0.1 23.1 ± 0.1 +2.2

Claripel
D 41.5 ± 0.1 41.9 ± 0.1 +1.0
E 40.8 ± 0.1 40.2 ± 0.1 –1.5
F 42.1 ± 0.2 41.3 ± 0.1 –1.9

n = 6, confidence level, 95%
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Conclusions

Stearic acid/graphite or paraffin/graphite biosensors are a
very good alternative to other carbon based matrices, be-
cause of their excellent characteristics such as compatibil-
ity with non-aqueous solvents and long lifetime. Addi-
tional advantages are renewability, simplicity, rapidity to
prepare and low cost. The determination of hydroquinone
in cosmetic creams directly in methanol without time-
consuming sample treatment provides results comparable
to the Pharmacopoeia method.
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