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Abstract : A strip sensor based on PbO,/carbon paste electrode was prepared by a screen-print-
ing method, and employed to electrochemically determine the concentration of fruit sweeten-
ers(i.e. glucose, sucrose, and fructose). The PbO,/carbon paste electrode could monitor
electrocatalytic oxidation of organic compounds such as carbohydrates, and measure the levels
of natural sweeteners without enzyme. Severe interference from ascorbic acid was effectively
reduced by modifying the electrode surface with a Nafion membrane. The response level of
the Nafion/PbO,/carbon paste electrode increased in the order of fructose, sucrose, and glucose,
which corresponds to the order of sweetness perceived by humans.
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Fig. 1. Schematic diagrams of (A) an electrochemical strip-type sensor for sweetness analysis and (B) a flow-cell system

equipped with the strip sensor.
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Fig. 2. Cyclic voltammograms of carbon paste electrode
(a) in absence of glucose, PbO,/carbon paste electrode in
absence (b) and presence (c) of 5.56 mM glucose. The
inset represents enlarged cyclic voltammograms in the
potential range from 0.6 to 1.6 V (scan rate = 0.1 V/s).
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Fig. 3. Dynamic response of (a) screen-printed PbO,/
carbon paste electrode and (b) electrodeposited PbO,
electrode towards 550 mM glucose repeatedly injected in
the flow-cell system (applied potential=+1.2V vs. Ag/
AgCl).
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Fig. 4. Glucose calibration curves of a series of PbO,/
carbon paste electrodes prepared as varying the content
of PbO, powder into carbon paste: (a) 5, (b) 15, (c) 25,
and (d) 50 wt% of PbO,(balance carbon paste) (applied
potential = +1.2 V vs. Ag/AgCl).
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Fig. 5. Dynamic response towards 2.84 mM(50 mg/dL)
ascorbic acid of (a) carbon paste electrode and (b) PbO,/
carbon paste electrode (applied potential =+1.2 V vs. Ag/
AgCl).
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Fig. 6. Dynamic response towards 2.84 mM ascorbic acid
of (a) control and (b) fluorine-modified PbQO,/carbon
paste electrodes (applied potential = +1.2 V vs. Ag/AgCl).
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Fig. 8. Dynamic response (A through C) and calibration curves (D) towards (A) glucose, (B) sucrose, and (C) fructose of
Nafion-modified PbO,/carbon paste electrodes (applied potential =+1.2 V vs. Ag/AgCl): (a) 150 mM, (b) 350 mM, (c)

550 mM, (d) 750 mM, and () 950 mM.

Table 1. Performance comparison of various metal oxide modified electrodes

Modiﬁfed Analyte Linear responserange Limit of detection Correlation coefficient Reference
metal oxides (mM) (mM) (R)
MnO, Glucose 0.01-28 not mentioned 0.995 14
NiO, Glucose 0.0001 - 1 0.056 0.999 20
Fructose 0.0002 - 1 0.065 0.999
Glucose 0.15-5 0.07 0.995
€00 Sucrose 0.15-15 0.08 0.999 30
RuO, Glucose 0-20 not mentioned not metioned 31
Glucose 150 -950 10.6 0.998
PbO, Sucrose 150 -950 10.8 0.998 This study
Fructose 150 -950 5.6 0.994

Table 2. Contents of each sweetener and corrected sweetness in fruit samples

Sweetener, % (determined by HPLC)

Fruit (variety) Corrected sweetness”, %
Glucose Sucrose Fructose
Grape (Carvernet) 7.1 0.5 6.8 13.6
Apple (Jonathan) 2.2 33 6.5 13.1
Apple (Fujiapple) 1.5 5.0 7.8 16.0
Sweet Persimmon 3.0 9.2 2.4 14.1
Soft Persimmon 34 7.6 5.0 16.1
Pear (Singo) 9.8 8.1 7.5 23.7
Tangerine (early cultivated fruit) 2.9 32 2.1 7.7

*Values were determined using the equation of corrected sweetness = [sucrose, %] X 1 + [glucose, %] x 0.6 + [fructose, %] X 1.3.
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