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Tomato (Solanum lycopersicum) fruit is an excellent food for promoting human health and wellbeing due
to its containing polyphenols as antioxidants. Pyrogallol among the polyphenols is a very important
chemical reagent to be used in detection of peroxidase activity with auto-oxidation behavior. A simple
cyclic voltammetric method for determination of pyrogallol in tomato has been developed based on the 8-
hydroxy-quinoline aluminum complex modified carbon paste electrode with microextration and
electrochemical catalytic behavior. The amount of pyrogallol in tomato is about 2.8 mg/100 g and
recovery is about 84.4%. The standard addition recovery is not stable with the decrease with time due to
the exist of peroxidases in the tomato suspension solution and oxygen from air, which follows a first
order reaction with an apparent first order reaction constant of 0.0852 min™".

Introduction

Pyrogallol is an important kind of polyphenols with a strong
reduction property, and has been widely used as a useful
antioxidant and scavenger of reactive oxygen species (ROS) '~
and free radicals. 7 Free radicals are chemical species
possessing an unpaired electron that can be considered as
fragments of molecules which are generally very reactive.
Oxidative stress is a general term used to describe the steady state
level of oxidative damage in a cell, tissue or organ, caused by
ROS. Oxidative stress is the cause of many human diseases like
diabetes, thyroid disorders, hypertension, arthritis etc.
Antioxidants are compounds which act as inhibitors of the
oxidative damage. ' '> Therefore the determination of pyrogallol
is very important in chemistry, environment, clinic, and
biological system. There are several methods have been
developed for the determination of pyrogallol, such as UV
spectrophotometry, '* chromatography, '* chemical luminescence,
15:16 electrochemistry. '+ '® All of these methods, the autoxidation
property of pyrogallol in aqueous solution must be considered
before detection, because it not only changes the molecular form,
but also decreases its autoxidation activity. There are several
methods had been used to improve the stability and prevent the
autoxidation before the measurements, such as extraction 9 and
adsorption.”® Carbon paste electrode (CPE) is commonly
considered as a three-phase system, including of a solid phase of
carbon material powder, a liquid phase of organic binder and a
liquid phase or aqueous solution as working solution. 2' The
micro organic binder serves as micro-extraction phase to extract
and stabilize pyrogallol from aqueous solution before the
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electrochemical measurements. The graphite powder serves as the
micro solid phase, which can be chemically modified by some
catalyst to accelerate the electrochemical reaction. The flexible
modifications of CPE further take the advantage of electro-
catalytic property in electroanalytical and electrochemical studies.
2226 8-hydroxyquinoline aluminum complexes are
semiconducting materials with unique spherical structure, high
stability, film-forming property and good electronic conductivity,
" and have been widely used in the developments of organic
electroluminescent devices as electron transfer medium. 73!
Modification of a CPE with 8-hyroxyquinoline-aluminum
complex may offer us more chance to study the electrochemical
behavior of pyrogallol due to the semiconducting properties,
electron transfer and strong interaction of 8-hyroxyquinoline-
aluminum.

Tomato is a common vegetable of abundance of antioxidants
such as vitamin C and other polyphenol moieties, **** which
serves as reductive species to justify the oxidation stress in
tomato. *> Pyrogallol may induce oxidative stress in biological
systems. *® ¥What will be happened if the pyrogallol is added
into tomato system? Whether or not a tomato meat suspension
solution can prevent or accelerate pyrogallol autoxidation
reaction? In the present paper, graphite powder surface was
modified with 8-hydroxyquinoline-aluminum complex, and used
to build up a carbon paste electrode together with methyl silicone
oil. The modified carbon paste electrode shows an
electrochemical catalytic oxidation for pyrogallol. The 8-
hydroxyquinoline-aluminum modifier and methyl silicone show a
solid phase micro extraction and a liquid phase micro extraction
for pyrogallol from aqueous solution, and stabilize the pyrogallol
molecule for the electrochemical catalytic oxidation with three
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oxidation peaks. The extraction dynamics and thermodynamics
are also investigated. The amount of pyrogallol in tomato was
determined and the dynamics of pyrogallol autoxidation in
tomato suspension solution was also monitored. Some interesting
results were described here in this paper.

Experimental
Instruments and reagents

All electrochemical experiments were carried out on a CHI620b
electrochemical instrument (Chen Hua Instruments Inc., Shanghai,
China) with a three-electrode system, including a home-made
platinum electrode as the counter electrode, a 8-hydroxyquinoline
aluminum complex modified carbon paste electrode as the
working electrode and a KCl saturated calomel electrode (Model
232, Thunder Magnetic Equipment Factory, Shanghai, China) as
the reference electrode, and all potential reported here was
respect to this reference electrode.

Polyamide resin (Yan Hai Chemical Co., Tianjin, China), epoxy
resin (Star Chemical Resin Factory, Wuxi, China) methyl silicone
oil (Dong Ling Fine Chemicals, Shenyang, China) and Graphite
powder (Spectrographic grade pure) all were used for the
preparation of basic carbon electrode. 8-hydroxyquinoline
(Analytical grade pure) and aluminum chloride (Analytical grade
pure) were used for the modification of carbon electrode.
Potassium chloride (Analytical grade pure) was used for the
preparation of supporting electrolyte solution. Pyrogallol and
concentrated hydrochloric acid were all Analytical pure and
purchased from Sinopharm Chemical Reagent Co. Ltd,
Shenyang. All solutions were prepared with ultrapure water (18.2
M Q, Billerica Co., USA) for the experiment, and all experiments
were carried out at room temperature.

The preparation of basic carbon electrode

The basic carbon electrode was prepared as described in a
previous work. 2 Graphite powder, epoxy resin and polyamide
resin was mixed into paste, filled into a clean glass tube about 6-7
cm in length and 5.0 mm in diameter. A piece of copper wire was
inserted into the paste from other end of the tube as electronic
lead. The electrode was solidified in air for about 72 hours. After
the solidification, the top of the electrode was polished on sand
paper, and tipped out some paste from the top of the electrode,
and left a cavity about 1 mm depth to hold carbon paste for the
working electrode. The prepared carbon electrode with resistance
of 10-100 ©Q was used as the basic carbon paste electrode in all
the experiments.

Preparation of 8-hydroxyquinoline-Aluminum modified CPE

The 8-hydroxyquinoline-aluminum (Alq) complexes modified
carbon paste electrodes were prepared with different molar ratio
of 1:1, 1:2 and 1:3. The molar ratios of the complexes were
simply controlled in addition of the initial reactants of aluminum
chloride and 8-hydroxyquinoline in the synthesis of the three
complexes. For example, the Alq complex with 1:1 molar ratio
was prepared by mixing 1.0 g of graphite powder with 0.50 mL
of 3.0 mM of stock solution of 8-hydroxyquinoline with 95%
ethanol, and 1.50 mL of 1.0 mM AICl; solution with one drop of
concentrated HCI stock solution. The mixture solution was heated
ss at about 70-100 °C and stirred to evaporate solvents rapid. After
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all solvent was evaporated out, the resulted dry powder was
cooled naturally at room temperature as the Alq complex
modified graphite powder. The Alq modified graphite powder
was mixed with methyl silicone oil at mass ratio of 2:1 on a clean
glass plate into a paste with glass bar. The carbon paste was filled
into the cavity of the basic carbon electrode, polished on glassy
paper into mirror-like surface, and served as the modified carbon
paste electrode (Modified CPE) in all of this work. After an
electrochemical experiment, the paste was clean out from the
cavity, and new paste was filled in for the next experiment. In this
way, the CPEs can keep in renewable.

Tomato sample and preparation of its suspension solution

Tomato meat suspension solution was prepared prior to
measuement from a fresh ripened red tomato (Lycopersicon
esculentum) bought from a market. The ripened tomato was
washed clearly with drinking water. A small piece of tomato
meat about 3.0 g was cut off the inside of a tomato with a knife,
put into a 50 mL clean beaker , add 10 mL 0.15 M KCI solution,
mashed and pulped into a suspension solution with glassy bar.

Measurement procedure

The measurements were carried out on a CHI electrochemical
instrument with three electrodes (working electrode, counter
electrode and reference electrode) in an electrolyte solution
including 5.00 mL 0.5 M of potassium chloride solution, 5.00 mL
different concentration of pyrogallol solution or tomato
suspension solution and some concentrated hydrogen chloride
solution to control the solution acidity. Cyclic voltammetric
experiments were performed under suitable experimental
conditions of initial potential of -0.20 V, high potential of 1.0 V,
scan rate in the range of 0.003-0.1 V.s', sample interval of 0.001
V, quiet time of 2 s and sensitivity of 1.0 pA/V. After each
experiment, the used carbon paste was renewed before the next
experiment.

Results and discussion
Electrocatalytic oxidation of pyrogallol at modified CPE

Fig.1A shows a typical cyclic voltammogram of pyrogallol at Alq
(1:1) complex modified carbon paste electrode with three
oxidation peaks located at 0.448 V (47.72 pA), 0.520 V (no
obvious peak current), and 0.883 V (10.57 pA), and one
reduction peak at 0.146 V (4.727 pA, curve 1).

But at carbon paste electrode without modification, it shows two
oxidation peaks located at 0.507 V (31.20 pA), 0.886 V (11.25
pA), and one reduction peak at 0.162 V (2.779 pA, curve 2),
while the carbon fiber electrode has no obvious redox peak in the
background electrolyte solution as shown in Fig.1A curve 3.
Comparison of the cyclic voltammetric curve 1 and 2, it can be
seen that the first oxidation process of pyrogallol at the modified
CPE is an obvious electrochemical catalytic oxidation with a
great increase in oxidation peak current about 53% and a small
negative shift of oxidation potential about 59 mV.

Cyclic voltammetric experiments with different scan rates were
performed on the modified and unmodified CPEs. The first
oxidation peak currents were plotted against square root of scan
rates, the curves were obtained as shown in Fig.1B. The first

1o oxidation peak currents at modified CPE increase with square
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root of scan rates with the regression equation of i,,=10.51+127.3
v!2-169.9v, R*=0.992, SD=0.48.
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Fig.1 A, the cyclic voltammograms of pyrogallol at modified
CPE (1), unmodified CPE (2) and carbon fiber electrode (3) in
acidity solution containing 0.5 M KC1 with 1.00 mM pyrogallol
at scan rate of 50 mV/s; B, the plots of anodic peak current
against square root of scan rate at modified CPE (1) and
unmodified CPE (2).

While the oxidation peak current at unmodified CPE shows a
similar tendency as at the modified CPE with i,,~ 8.294+108.3
v2-139.6 v, R>=0.997, SD=0.23. These relationships between
oxidation peak currents and scan rates at CPE and modified CPE
indicate that the oxidation process is partly controlled by
diffusion and partly controlled by surface. The coefficients of v’
and v at the modified CPE are 17.6% and 21.7% larger than those
at unmodified CPE, respectively, which means then interaction of
pyrogallol molecule with modified CPE is stronger than that with
the unmodified CPE, and organic phase micro extraction of the
methyl silicone oil greatly prevents the autoxidation of pyrogallol
in aqueous solution, and the solid phase micro extraction of the
modified graphite powder catalyses the first oxidation step and
stabilizes the product of this step. Both of the modified CPE and
unmodified CPE show the similar liquid phase micro extraction
behavior, but the modified CPE gives out one more oxidation
peak current with more negative shift of the first oxidation
potential.

The Influence of complex ratios

The coordination ratio of Alq complex is an important factor
influencing the molecular structure, properties of the modified
film, and activity of its modified electrode. The modified CPEs
with different molar ratio of Alq complexes were set into the
electrolyte solution for the cyclic voltammetric experiments. The
obtained cyclic voltammograms were shown in Fig.2. A typical
CV curve of pyrogallol at the 1:1 molar ratio complex modified
CPE was the same as described in Fig.1A. The CV curve of
pyrogallol at the 1:2 molar ratio complex modified CPE shows
two oxidation peaks at 0.556 V (28.14 pA) and 0.887 V (6.12 pA)
and one reduction peak at 0.164 V (2.32 pA)(curve 2 in Fig.2).
The CV curve of pyrogallol at the 1:3 molar ratio complex
modified CPE shows two oxidation peaks at 0.518 V (20.97 pA)
and 0.881 V (5.91 pA) and one reduction peak at 0.165 V (2.42
pA) (curve 3 in Fig.2). These results indicate that the
electrocatalytic activity of pyrogallol at modified CPE with Alq
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complex in 1:1 molar ratio is better than other complexes, and
gives out highest oxidation peak current and negative oxidation
potential shift. As we known, the graphite surface is mainly
planar. The planar structural molecules and electron transfer
mediator of 1:1 Alq complex is more suitable to contact with
planar surface, and for the electron transfer from molecule to
electrode, so it shows better catalytic activity than others.
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Fig.2 The cyclic voltammograms of pyrogallol in an acidic
solution including 0.5 M KCl and 1.00 mM of pyrogallol at
different ratios of Alq complex modified carbon paste electrodes
with scan rate of 50 mV s™'. Curve 1, with molar ratio of 1:1;
Curve 2, with molar ratio of 1:2; Curve 3, with molar ratio of 1:3.

The influence of the acidity in solution

The acidity of solution greatly influences the electrochemical
activity of pyrogallol as well as the catalytic activity of modified
electrode. Pyrogallol is likely to take part in autooxidation
reaction in basic solution, *® but in acidic solution (in pH range of
2.0-8.0), it shows very good electrochemical activity at pH 3.0. **
Peroxidases in tomato have the optimal activity at pH about 8.0.
¥ So the decrease of solution pH will decrease peroxidase
activity and increase the electrochemical activity of pyrogallol. In
order to control the solution pH in the range of pH<3.0, a
concentrated hydrogen chloride solution (12 M) was added into
the electrolyte solution. Cyclic voltammetric experiments were
carried out at different volume of 12 M HCI added into the
solution. The acidity in the solution was calculated as pH. The
original CV curves for different pH as shown in Figure.S1.
(supporting information). The obtained oxidation peak current
linear decreases with pH as shown in Fig. 3A with regression
equation of i,,=57.51-9.14 pH, R?=0.982, SD=0.394 in the range
of pH 1.25-0.53, but further decrease of pH the oxidation peak
current decreases, so in practice, we used pH=0.53 as the suitable
pH in the following experiments.

The obtained oxidation peak potential decreases also with
solution pH (in Fig.3B) with a regression equation of E,,= 0.584-
0.056 pH, R?=0.947, SD=0.0044.

From the slope of the equation we can see that the oxidation
process is companied by proton transfer process, which is similar
to the reference. **

This journal is © The Royal Society of Chemistry [year]
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Fig.3 The plots of anodic peak currents (A) and anodic peak
potential (B) against solution pH including 0.5 M KCI and 1.00

mM pyrogallol.

The influence of initial potential

Initial potential is the potential added to electrode before cyclic
voltmmetric experiment is performed, which commonly used to
test the influence of potential on the electrochemical system. The
cyclic voltammetric experiments with deferent initial potentials
were carried out as described about. The oxidation peak current
obtained in the cyclic voltammograms was plotted against initial
potential as shown in Fig.4. The curve in the initial potential
range of -0.40 V~ 0.50 V can be regressed into a Bolzman
equation as the following.
60.9

— 059 16.6; R* =0.988,5D =1.04
l+e 0064

ly = o

This regression equation gives some information about the
oxidation process. The equilibrium potential of the oxidation
reaction is located at about 0.539 V, which is far away from the
first oxidation peak potential (0.448 V). The minimum current at
equilibrium potential is about -16.57 pA, and the half peak
potential about the equilibrium potential is 0.064 V. Negative
potential added to the electrode can be prevent the pyrogallol near
the electrode oxidized or auto-oxidized before the experiment,
but positive potential will induced the auto-oxidation of
pyrogallol. In practice, initial potential of -0.20 V was used in the
following experiments.
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Fig.4 The anodic peak currents at 1:1 complex ratio of Alq
modified carbon paste electrode to the added initial potential in
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the acidity solution containing 0.5 M KClI and 1.00 mM
pyrogallol.

The influence of preconcentration time

The preconcentration time is the time interval from setting
electrodes in an electrolyte solution to starting potential scanning,
which is also the time interval for reactant diffusion and
adsorption at the electrode surface. The cyclic volammetric
experiments were performed at different preconcentration times.
The original CV curves for different preconcentration times as
shown in Figure.S2. (supporting information). The obtained
oxidation peak current was plotted against preconcentration time,
and a linear relationship was obtained approximately in the time
range of 0-5 min as shown in Fig.5A. With the increase of
preconcentration time longer than 5 min, the system becomes not
stable.

il nA

t/ q,/ (min/mM)

t/min

Fig. 5 The anodic peak currents (A) and ratio of time and anodic
peak current (B) against preconcentration time at the modified

so CPE of 1:1 ratio of Alq complex modified carbon paste electrode

in the acidity solution containing 0.5 M KCl and 1.00 mM
pyrogallol.

According to the pseudo-second order adsorption model, ***' one

ss pygarollol molecule may occupy two active adsorption sites and

transfer electrons with the sites. The Dynamic equation *'can be
expressed as,

d
N T

2
7 @

Here k is the second order rate constant, q. is the amount of

o adsorbate adsorbed at equilibrium, g, is the amount of adsorbate

adsorbed at time t. The equation can be rewritten as,

L —

3)
(qe - qz)

The equation (3) can be integrated from q=0 to q., and time from
t=0 to t, and rewritten as,
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In our case, q=ipa, ¢/ ipas 5 a0 ipq, Fipa, 5, S0 .=1.0. The plotting
of t/ q; against t is a straight line as shown in Fig.5B. The linear
regression equation was obtained as,

L 0.07813+1.0084¢; R> = 0.9974,SD = 0.1224 (5)

lpa

o

From the slope and intersect of equation (5), the pseudo-second
order rate constant was calculated as k = 12.8 mM 'min™". This
rate constant is the micro extraction dynamic rate constant, and
indicates one pyrogallol molecule adsorbed at two adsorption
sites on the modified electrode surface.

=

The influence of pyrogallol concentration

The cyclic voltammetric experiments were carried out in the
electrolyte solution including different concentration of
pyrogallol at the modified CPE. The original CV curves for
pyrogallol concentration in the range of 0.5 ~500 uM as shown
in Figure.S3. (supporting information). The logarithm of obtained
oxidation peak current were linear proportional to logarithm of
pyrogallol concentration as shown in Fig.6. (at the modified and
unmodified CPEs).

o

2.0+
E A
1.5

10 ¥=-0.594+0.816x,R°=0.997,5D=0.051

0.5

log(i, nA)

0.0

-0.54

1

q, = kfcj (6)

35 q 18 the amount of adsorbate adsorbed at equilibrium, c, is
equilibrium concentration of solute remaining in solution when
amount adsorbed equals q., Ky is an indicator of adsorption
capacity, 1/n is a measure of intensity of adsorption. n and K; are
system specific constants.

40 The logarithm form of the equation (6) becomes,

=

1
log(q,) =log(k,) +;10g(ce) @)

The Freundlich constants of K¢ and 1/n can be obtained as 0.115
and 1.02 for the modified CPE and 0.255 and 0.816 for the
unmodified CPE. Higher the 1/n value, more favorable is the
adsorption. These results indicate the pyrogallol molecule has the
slightly larger adsorption at modified CPE than at the unmodified
CPE. These results further clear show that methyl silicone oil in
CPE serves as a liquid-liquid micro extractant and stabilizes the
pyrogallol molecule in aqueous solution. The Alq modifier is
responsible for the solid phase micro extraction, which occurs
before the electrochemical catalytic oxidation of pyrogallol
molecule. The Alq modifier stabilizes not only the pyrogallol but
also the intermediate of the oxidation process.

The solid phase micro extraction process of pyrogallol on the 8-
ss hydroxyquinoline-aluminum modified carbon electrode may be
escribed as the scheme 1.
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10 y=-0.941+1.0247x, R=0.986,SD=0.144
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Scheme 1  The adsorption pyrogallol at the modified carbon
paste electrode.

The two Alq complexes on the graphite powder surface

—_—
-0.5 0.0 0.5 1.0 1.5 2.0 2.5
log(c,uM)

20

Fig. 6 The plots of logarithm of anodic peak currents against to

the logarithm of pyrogallol concentrations in the solution

containing 0.5M KCI at unmodified CPE (A) and modified CPE
2s (B) with 1:1 Alq complex.

The regression equations is log (i,,, HA) =-0.941+1.024 log(c,
uM), R*=0.996, SD=0.104 for modified CPE, and log (ipa> HA)
=-0.594+0.816 log(c, uM), R?=0.997, SD=0.051 for

3 unmodified CPE, respectively. This behavior belongs to the
Freundlich adsorption kinetic model. **

According to the Freundlich adsorption theory, the amount of

adsorption can be expressed as,

ifyeractions and form a two-centre complex, which can weakly
interact with two nearby hydroxyl groups of pyrogallol, and leave
one hydroxyl to be oxidized to quinone bond firstly. If only one
hydroxyl group in pyrogallol molecule interact with modifier, the
rest two may be oxidized quickly, and the two oxidation peak
mixed together into one, and only shows two oxidation peaks in
the cases of modifiers with 1:2 and 1:3 molecular ratios.

o
%

=
S

The determination of pyrogallol in tomato

The fresh prepared tomato suspension solution was diluted 10
times. 5.0 mL of the diluted suspension solution and then add 5.0
mL 0.5 M KCl and 0.25 mL concentrated HCI were mixed as the
75 measurement solution. The electrode was set up in the solution
and performed the cyclic voltametric experiments under the
suitable experimental conditions. Three samples were measured,
and the average oxidation peak current was obtained as 0.442 pA
(n=3), the concentration of pygarollol in the tomato solution was

This journal is © The Royal Society of Chemistry [year]
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calculated as 3.74 uM. It calculated that the tomatoes contained
the content of pyrogallol is 2.8 mg / 100 g. The result is much
lower than literature result of 16.0 mg / 100 g ** of total phenolic
compounds in tomato.

Tomato is abundance of polyphenols, ** but also includes lot of
peroxidises.* Addition of reductant will induce peroxidase and
result in auto-oxidation of pyrogallol. ***® If pyrogallol solution
was added into the tomato suspension solution, it will induce
peroxidase from tomato meat and induce the auto-oxidation of
pyrogallol. In this case, the addition recovery cannot be tested in
this suspension tomato solution sample, but kinetics of the auto-
oxidation process can be easily to be monitored as described
followings.

Recovery of the method was tested with a mixture of 5.00 mL
tomato suspension solution, 5.00 mL 0.05 mM pyrogallol
solution and 40.00 mL 0.20 M KClI solution. The average current
was obtained as 0.693 pA (0.7105, 0.6928, 0.6800, 0.688 pA),
and the recovery was calculated as 84.4%. During the
experiments we found that the concentration in the mixture
solution changes with time, and not got a stable result, that means
there are some reactions occur in the solution during the time. In
order to insight into the reaction process, the first oxidation peak
current of pyrogallol was measured following the method
described about with a 5.00 mL mixture solution taken from the
mixture solution every 5-10 min. The oxidation peak current
measured above is plotted against time, and an exponential decay
curve was obtained as shown in Fig.7. The exponential decay
curve was regressed as,

i/ A =0.468x e 7% +0.247; R* = 0.9852,SD = 0.00095 (8)

This is a typical first order reaction dynamic equation, from
which the apparent first order rate constant was obtained as
0.0852 min™'. This is the auto-oxidation reaction rate induced by
peroxidase in tomato suspension solution and oxygen from air.

074 L
0.6

0.5

1 pA

pa

0.4

03 X [

0.2

t/ min

Fig.7 The oxidation current of pyrogallol at modified CPE with
1:1 Alq complex in dilute tomato solution after addition of 1.00
UM pyrogallol with time.

Conclusions

A simple electrochemical method for determination of pyrogallol
has been developed based on the 1:1 Alq complex modified
carbon paste electrode with microextration and electrochemical
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catalytic behavior, and used for the detection of pyrogallol in
tomato. The amount of pyrogallol in tomato is about 2.8 mg/100
g and recovery is about 84.4%. The standard addition recovery is
not stable with the decrease with time due to the exist of
peroxidases in the tomato suspension solution and oxygen from
air, which follows a first order reaction behavior with the
apparent first order reaction constant of 0.0852 min™.
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