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Fig 1 Schematic of three electrode system for detection of heavy metals in olive oil
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Fig 2 Classification with PCA for detection of heavy
metals by PG electrodes in olive oil
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metals by SP electrodes in olive oil
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Table 2 Results and comparison of Nu-SVM and C-SVM models subjected to the kernel functions

Kernel

. C-SVM Nu-SVM
function
c Y Train Validation Nu Y Train Validation
PGE Linear 0.11 - 80 80.35 0.33 - 100 85
Polynomial 0.12 0.01 100 80.35 0.33 0.03 100 100
Radial Basis 0.11 0.01 100 80.35 0.33 0.03 100 100
Sigmoid 0.05 0.34 100 80.35 0.05 0.60 100 85
SPE Linear 0.12 - 80 100 0.22 - 80.35 70
Polynomial 0.11 0.05 80 100 0.55 0.01 80.35 70
Radial Basis 1.66 0.09 80 100 0.22 0.04 80.35 70
Sigmoid 1.66 0.05 80 100 0.22 0.05 80.35 70
GCE Linear 0.05 - 85 100 0.33 - 100 80
Polynomial 0.01 0.09 100 100 0.33 0.05 100 80
Radial Basis 0.05 0.09 100 100 0.22 0.03 100 80
Sigmoid 0.05 0.03 100 100 0.33 0.01 100 80
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Fig 5 PLS results for detection of heavy metals in
olive oil by PG electrodes
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Fig 6 PLS results for detection of heavy metals in
olive oil by SP electrodes
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Three electrodes system simulates the human tongue taste system and can be used to
assess the quality of food. The sense of taste is one of the five senses and tongue
recognizes certain molecules. In recent years, three electrode system with an array of
electrodes has been used to identify various molecules. In this research, a three
electrodes system is used based on voltammetric methods with three graphite
electrodes (Pencil Graphite (PG)), Screen Printed (SP) and Glassy Carbon (GC) to
identify heavy metals (cadmium , Lead, tin and nickel) in olive oil. Heavy metals are
added to the edible oil in three concentrations of 0.05, 0.1 and 0.25 ppm and then the
output of the device is classified by chemometric method. According to PCA results,
the PG electrode contains 96% of the variance between the data in olive edible oils.
Also, SP electrode contains 91% and GC contains 100% of the variance between the
data in olive oil. The SVM method showed a high ability to classify heavy metals in
edible oils. Also, The PLS method was also able to predict 99% of the data in olive
oil for all electrodes. Finally, according to the results, it can be said that the built-in
three electrode system has a high accuracy in identifying heavy metals in edible oils.
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