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2. High Performance Liquid Chromatography
3. Gas Chromatography

4. Linear Sweep Voltammetry

5. Cyclic Voltammetry

6. Square Wave Voltammetry
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1. Solanum lycopersicum
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8. Graphene Oxide
9. C3H7NO
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Fig 1. A Schematic representation of the electronic tongue system
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2. Ag/AgCI
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Fig 2. Cyclic voltammograms of simple (unmodified) electrodes in phosphate buffer at pH 4-8
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Modified with Graphene

20 microliters of spiked benzoate in phosphate
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Fig 3. Cyclic voltammograms of graphite pencil electrodes modified with graphene in phosphate buffer solution with different amounts of
sodium benzoate spiked
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Modified with gold nanoparticles

~ Mo . ! Modified with gold nanoparticles
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Fig 4. Cyclic voltammograms of graphite pencil electrodes modified with gold nanoparticles in phosphate buffer solution with different
amounts of sodium benzoate spiked

IS5 ol sl las oS ols isles 1) LSy slapl S aelids blo O340 .Y.V.Y
O g Dl jo a5 Jlss g (6,15 99,58 (YL jlws
21y S ol ol g ge oad sl lacky
e il pow Olgyn alise gbadale  jasis

S (O S8 sl slepl Sealdy 5l ol s
O3 gl b oo el 81,3 slae jae 09,5800 4y by e

ol K a5 Wl 2925 4 oFws (nl rlple Slon jackas Uls Mo &L b b osad ol )8

wdazmn sla g, u)]i;b Uyl ly cobld -l Sbg Sl
Lol BSgkg,S Jod 5l Jolae azen g pole;
9 (S paxgS Oy OS5 el g pasedd 0 Vb ol

5 1y Slid 3 5 ond Sylel s

Sy iS5l Y

Olme eimed 9 3529 pae b9 S92y (opas & oo Slg i CdbT 4 0815 sl e 39,250 fusly

gy m s Olg 3 aiile (glows lagSS



= 0 SR xS ) 5 el sl S Sl oL
A4

SiSen 5 5ol Gl o

Modified by magnetic nanoparticles
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Fig 5. Cyclic voltammograms of graphite pencil electrodes modified with magnetic nanoparticles in phosphate buffer solution with different
amounts of sodium benzoate spiked
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Voltamograms obtained from graphene-modified Voltamograms obtained from electrodes modified
electrodes for 20, 60 and 100 microliter spiked with Gold nanoparticles for 20, 60 and 100 ul of
5 sodium benzoate in phosphate buffer 10 sodium benzoate spiked in phosphate buffer
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Fig 6. An overview of 3 voltammograms with 3 concentrations of sodium benzoate spiked in phosphate buffer from modified electrodes
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Fig 8. Current difference for sodium benzoate and different compounds as the interference
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Abstract

Tomato paste is one of the most important flavorings in food, so monitoring the quality and safety of food in
this highly-consumed product is drastically important. In this study, a portable electronic tongue system
including an array of electrochemical sensors based on graphite pencil electrodes was implemented to detect
sodium benzoate adulteration in tomato paste. To adulterate the tomato paste, different values of sodium
benzoate (20, 60, and 100 microliters) were added to the natural tomato paste free of sodium benzoate. In the
measurement process, a cyclic voltammetric technique with a potential range of 0 to 1 volt was used to detect
sodium benzoate. The results showed that pH = 7 was optimal for phosphate buffer, used to detect sodium
benzoate. Graphene also performed the best results as a modifier for the electrode surface of the graphite pencil
to detect the amount of sodium benzoate in comparison with two other modifiers such as gold nanoparticles and
magnetic nanoparticles. The results obtained by classifying the samples demonstrated the high capability of the
electronic tongue system for detection of sodium benzoate adulteration in tomato paste. According to the results,
the three-electrode sensor system used in this study, including graphite pencil, silver / silver chloride reference
and auxiliary platinum electrodes, is efficient in detection of sodium benzoate in tomato paste.
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