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Innovation of Electrochemical-Based Heavy Metal Detection Kit

in Turmeric for Thai Herbal Safety
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Abstract

Turmeric (Curcuma longa L.) is an important economic herb of Thailand that has
been upgraded as a premium product due to its valuable bioactive compounds and its
potential for development into high-value products to meet the demands of both
domestic and international health markets. However, heavy metal contamination in
turmeric products remains a major concern affecting product quality and consumer
safety. Current heavy metal analysis mainly relies on conventional laboratory-based
chemical methods that require expensive instrumentation, involve high operational
costs, are time-consuming, and require skilled personnel, limiting widespread
implementation for routine quality monitoring. This study aimed to develop a simple,
low-cost, and rapid heavy metal detection technology to enhance safety surveillance of
herbal products. For cadmium detection, specific DNA aptamers were selected using the
Systematic Evolution of Ligands by Exponential Enrichment (SELEX) method and
evaluated for specificity by indirect Enzyme-Linked Aptamer Assay (ELAA). Three high-
performance aptamers (Cd2, Cd19, and Cd20) were selected and immobilized onto
screen-printed gold electrodes (SPE gold), and electrical signals were measured using
Electrochemical Impedance Spectroscopy (EIS). The developed electrochemical
aptasensor achieved a limit of detection (LOD) of 0.037 ppm and a limit of quantification
(LOQ) of 0.11 ppm for cadmium detection in turmeric samples, demonstrating high
sensitivity and potential for extension to other heavy metals in future applications. For
lead detection, Differential Pulse Voltammetry (DPV) was employed, resulting in an LOD
of 0.041 ppm and an LOQ of 0.125 ppm. Comparison with the standard Atomic
Absorption Spectrometry (AAS) method using spike recovery testing showed no
statistically significant difference (p > 0.05), confirming the accuracy and reliability of the

developed method. In addition, the developed heavy metal detection kit offers low



cost, ease of use, simple sample preparation, and clear quantitative results. The platform
is suitable for field applications by government officers, entrepreneurs, and farmers.
Furthermore, it demonstrates strong potential for commercialization as a heavy metal
detection kit for Thai herbal products and can be further developed into a multi-
parameter detection system capable of simultaneously detecting multiple heavy metals
on a single electrode. This technology could contribute to strengthening quality control
systems and enhancing the sustainable competitiveness of Thailand’s herbal industry.
Key words: electrochemistry, heavy metal detection kit, turmeric, DNA aptamer, Thai herbs
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Figure 1 Differential pulse voltasnmograms (DPV) of lead in turmeric extract at pH 0.89 (a),

1 (b), 2 (0), 3(d), 4 (e), and 5 (f), measured using a graphene electrode.
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Figure 2 Calibration curve for the determination of lead in turmeric extracts.
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Figure 3 Differential pulse voltammograms (DPV) for the specificity evaluation of the
determination of lead (a), mercury (b), cadmium (c), and arsenic (d), compared

with turmeric extract (e) and Plai extract (f).

Table 1. Comparison of Lead (Pb) Determination by Electrochemical Method and AAS (n =10)

Treatment Pb concentration (ppm
Electrochemical method (DPV) 0.23 + 0.014
Atomic Absorption Spectrometry (AAS) 0.19 £ 0.012
t-test ns
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Figure 4 Electrochemical impedance spectroscopy (EIS) spectra showing the interaction

between cadmium (Cd2¥) ions and DNA aptamers Cd2, Cd19, and Cd20

immobilized on the electrode surface.

Figure 5 Secondary structure of the DNA aptamer specific to the heavy metal cadmium

(Ca2™), clone Cd20, predicted using the RNAComposer program.
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Figure 6 EIS spectra illustrating the effect of DNA aptamer concentration (0 (a), 2.5 (b), 3 (o),

and 4 (d) pM) on aptamer immobilization on the working electrode surface.
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Table 2 Mean EIS signal values for different incubation times of cadmium-binding DNA

aptamer immobilized on a screen-printed gold electrode (SPE Gold).

Aptamer incubation time (hr) Mean EIS signal (uQQ)
1 5.41°
3 6.95°
6 5.12°
F test **

** . significant at the 0.01 probability level.
1/ : Means with different letters in the same column indicate a significant difference according to Duncan’s multiple

range test at p < 0.05.

Table 3 Mean EIS signal values for cadmium incubation times on a screen-printed gold

electrode (SPE Gold) modified with cadmium-specific DNA aptamers.

Cadmium incubation time (min) Mean EIS signal (uQ))
15 6.81°"
30 7.31°
60 6.91°
F test **

** 1 significant at the 0.01 probability level.
1/ : Means with different letters in the same column indicate a significant difference according to Duncan’s multiple

range test at p < 0.05.

Cd in turmeric
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Figure 7 Calibration curve for cadmium analysis in turmeric extracts.
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Table 4 Comparison of Conventional Chemical and Electrochemical Methods for Heavy Metal

Analysis in Turmeric (Curcuma longa L.)

concentrated acids preparation
Sample preparation time 1-3 hours 1-2 hours —
Amount of chemicals used High (=65% concentrated acids) Low (=5%) E =
Analysis time per sample ~£0 min (excluding preparation) ~5 min s =
Cost per analysis (per sample) ~800 THB ~100-250 THB E =
Instrument cost Very high Low-moderate . =
User-friendly; non-expert
operators
Field portabitity Not portable Portable 5 =
Real-time / on-site analysis
On-site analysis Not applicable = =
possible
Sensitivity Very high Moderate S
Selectivity Very high Very high -
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