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A B S T R A C T

Radix Glycyrrhizae, the dried roots of the Glycyrrhiza glabra plant, is a popular Chinese herbal
medicine known for its various health benefits. It is particularly effective in relieving respiratory
problems like coughs, sore throats, bronchitis, and asthma. However, there is limited research on
the electrical properties of Radix Glycyrrhizae, likely due to its complex composition of phyto-
chemical and antioxidant activities. This research aims to investigate the potential of these active
biological compounds and understand their electrochemical properties. In this study, High-
Performance Liquid Chromatography (HPLC) analysis revealed that Radix Glycyrrhizae decoc-
tion contains significant amounts of flavonoids and saponins, compounds known for their health
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benefits and therapeutic effects. Further analysis using Fourier Transform Infrared Spectroscopy
(FTIR) identified several functional groups, including phenols, alcohols, alkynes, alkenes, ethers,
and glycosides, which contribute to the plant’s medicinal potential and affect the impedance and
dielectric properties of the extract. The antioxidant activity of Radix Glycyrrhizae decoction was
also evaluated using DPPH assays, showing similar radical scavenging activity to gallic acid.
Dielectric and impedance measurement of Radix Glycyrrhizae extract were performed using an
Agilent vector network analyzer and a Hioki impedance analyzer. The dielectric constant
measured was consistent across both analyzers. However, the loss factor showed different trends:
the vector network analyzer indicated a decrease in the loss factor with increasing frequency in
the range of 5 MHz–20 GHz, while the impedance analyzer showed the opposite trend in the
frequency range of 4 Hz–5 MHz.

1. Introduction

Throughout history, humans have recognized and used the medicinal properties of plants in various ways. Scientists have
extensively researched these plants and acknowledging their therapeutic potential [1]. These plants are a valuable source for
discovering new drugs that are effective, have minimal side effects, and are cost-effective [2]. Over 80 % of the global population relies
on medicinal herbs to treat various health conditions [3], showing the long-standing relationship between humans and plants, which
dates back thousands of years, as evidenced by fossil records [4]. Numerous studies have highlighted the importance of phytocon-
stituents found in medicinal plants in various biological activities. These activities include anti-inflammatory, antibacterial, antifungal,
antimalarial, anticancer, and antioxidant actions [5]. Reactive Oxygen Species (ROS) are generated by external factors, e.g. drugs,
chemicals, smoke, and environmental stress. These factors contribute to atherosclerosis, inflammation, neurodegenerative diseases,
cardiovascular diseases, and cancer [1]. The overproduction of free radicals in the human body can lead to cell damage and severe
oxidative harm to essential biological molecules.
Natural antioxidant, i.e. phenolic compounds offer protection against diseases caused by free radicals. These compounds are found

in a various natural source, including curcuminoids, phenolics, lignans, tannins, stilbenes, quinones, coumarins, and flavonoids [6].
The health and food industries have shown significant interest in antioxidants of natural origin, particularly in identifying secondary
metabolites. These antioxidants protect the body from radical damage by neutralizing ROS [7].
Antioxidants are molecular compounds that protect cells and biological structures from oxidative stress, which results from an

imbalance in the body’s defenses against free radicals. Free radicals are molecules with an unpaired electron. It triggers chemical chain
reactions that damage DNA, lipids, proteins, cells, and other body parts, leading to disease development and accelerating the aging
process. Antioxidants prevent this damage by binding to free radicals, reducing their harmful effects, and supporting the integrity and
overall health of biological systems.
Radix Glycyrrhizae, a plant from the Fabaceae family, is widely used in traditional medicine practices [8]. It is primarily found in

central and eastern Asia, with around 30 known species [9]. This plant is the source of various secondary metabolites or phytocon-
stituents, including triterpenoids, flavonoids, isoflavonoids, and chalcones, which are responsible for many biological activities [10].
Understanding the phytochemical profile of Radix Glycyrrhizae extract is crucial for revealing the potential health benefits of these
constituents. This research uses High-Performance Liquid Chromatography (HPLC) analyses to identify the phytochemical constituents
in a water extract of Radix Glycyrrhizae. The study aims to uncover potent phytochemicals that could redefine the understanding and
use of electrochemical properties in various applications.
Dielectric analysis offers a unique perspective on the electrical characteristics of Radix Glycyrrhizae extract. The extract’s response

to an electric field is linked to molecular interactions and structural dynamics. This analysis plays a significant role in exploring the
electrical properties of the extract and their potential applications. Frequency domain dielectric spectroscopy enhances traditional
chemical analyses, uncovering new dimensions of the extract’s bioactivity and therapeutic potential. This interdisciplinary approach
bridges herbal medicine with modern scientific inquiry, fostering advancements in pharmacology, biotechnology, and biomedical
devices. Exploring Radix Glycyrrhizae extract through dielectric analysis promises to optimize its biomedical applications, under-
scoring the importance of diverse analytical approaches in botanical research.

2. Materials and methods

2.1. Reagents

The reference standards of glycyrrhizin (HPLC grade) is product of Sigma Aldrich (MERCK-Sigma Aldrich, US). Folin-Ciocalteu
reagent, aluminium chloride (AlCl3), sodium carbonate (Na2CO3), 2,2-diphenyl-1-picrylhydrazyl (DPPH), quercetin, and gallic acid
are also products of Sigma Aldrich (MERCK-Sigma Aldrich, US). All other reagents used in these experiments are of analytical grade.

2.2. Plant collection and preparation

Radix Glycyrrhizae was obtained from a reputable vendor specializing in traditional Chinese medicinal and identified by Dr. Te
Kian Keong, a traditional Chinese medicine pharmacist from the Department of Chinese Medicine, Universiti Tunku Abdul Rahman,
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Malaysia. The plant was air-dried at room temperature for three days. Subsequently, the plant was ground into a fine powder and
stored in sealed plastic containers until extraction [11].

2.3. Extraction method

A 50 g portion of the dried Radix Glycyrrhizae powder was subjected to a water decoction process. The plant material was boiled in
1000 mL of water for 2 h to extract the active compounds. After cooling, the decoction was filtered to obtain the aqueous extract. This
extract was then evaporated using rotary evaporators, resulting in solid, amorphous masses. The crude extract (50 mg) was then
dissolved in 50 mL of water.

2.4. Quantitative analysis

The quantitative analysis of Total Phenolic Content (TPC) and Total Flavonoid Content (TFC) was determined using a UV–Vis
spectrophotometer (Shimadzu UV-1280, Shimadzu Corporation, Kyoto, Japan).

2.4.1. Total phenolic content (TPC)
The Folin–Ciocalteu reagent method is a widely used chemical assay for determining the Total Phenolic Content (TPC) in various

samples, particularly plant extracts. It quantifies phenolics by their ability to reduce the reagent, forming a blue complex, and is crucial
in assessing antioxidant capacity across disciplines like natural product research and pharmaceutical analysis. In a previous study [12],
0.5 mL of Radix Glycyrrhizae decoctions was combined with 2.5 mL of Folin–Ciocalteu reagent. After incubation for 15 min at 37 ◦C, 2
mL of a 7.5 % w/v Na2CO3 solution was added, followed by dilution to a 10 mL volume with distilled water. The mixtures were
incubated for additional 30 min. The absorbance was then measured at 765 nm using an ultraviolet–visible spectrophotometer. A
reference curve was established using Gallic acid as a standard for TPC determination, with concentrations ranging from 50 to 250
g/mL. The total phenol values were expressed as Gallic acid equivalents (GAE) mg/g of dry weight, using the equation y =

0.0037x-0.094, R2 = 0.999 [12] where y is concentration of TPC in mg GAE/g and x is absorbance value obtained from ultra-
violet–visible spectrophotometer. The formula

Tp = Cg x V/ M (1)

was used, where Tp represents the total phenolic content in mg GAE/g, Cg is the concentration of decoctions derived from the Gallic
acid calibration curve, V signifies the volume of extract in milliliters (mL), and M denotes the weight of the dry plant extract in grams
(g).

2.4.2. Total Flavonoid Content (TFC)
The protocol outlined by Zengin et al. [13] was employed to determine the Total Flavonoid Content (TFC) using the aluminium

chloride (AlCl3) colorimetric method. Quercetin, dissolved in methanol, served as the reference for the standard curve, with con-
centrations ranging from 50 to 250 g/mL. A concoction was prepared by combining 0.5 mL of plant decoction solution, 0.1 mL of 10 %
w/v AlCl3 solution, and 0.1 mL of a 0.1 mM potassium acetates solution in a flask. The volume was then adjusted to 5 mL with distilled
water. The mixture was maintained at 37 ◦C for 30 min. The absorbance was measured using a UV–Vis spectrophotometer at 415 nm.
The results were expressed in grams of Quercetin Equivalent (QE) per mg/g of the extract, using the equation y = 0.0042x-0.1149, R2

= 0.998 [13]. The flavonoid content was calculated using the following formula:

Tf = Cq x V/M (2)

where Tf represents the TFC mg/g extract in quercetin equivalents and Cq is the concentration of the extract derived from the quercetin
calibration curve.

2.5. Antioxidant activity (DPPH)

The procedure for evaluating the radical scavenging activity of 2,2-diphenyl-1-picrylhydrazyl (DPPH) was adapted from the
method proposed by Greco et al. [14], with some alterations. In a dark environment, 1 mL of a 90 M DPPH solution was mixed with 1
mL of various concentrations of the decoction and gallic acid (used as the control) at concentrations of 12, 6, 3, 1.5, 0.75, and 0.375
mg/mL. The concoction was then incubated for 30 min at 37 ◦C. The absorbance was measured at 517 nm, and the activity was
expressed as percentage inhibition [15]. The formula for calculating the radical scavenging activity is as follows:

% radical scavenging activity = (Absorbance of control - Absorbance of sample) / Absorbance of control x 100 % (3)

2.6. Fourier-Transform Infrared Spectroscopy (FTIR)

Decoction extracts of Radix Glycyrrhizae were combined with KBr salt, ground using a mortar and pestle, and then pressed into a
thin pellet [16]. Spectroscopic measurements of the samples were performed using a FTIR spectrometer (PerkinElmer Spectrum Two,
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PerkinElmer Inc., Waltham, Massachusetts, USA), scanning within the range of 4000 and 500 cm− 1.

2.7. High-Performance Liquid Chromatography (HPLC)

High-Performance Liquid Chromatography (HPLC) was used on the plant extract decoctions for the quantitative analysis of phe-
nolics and flavonoids. The HPLC analysis was performed using an Agilent 1260 Infinity II system (Agilent Technologies, Santa Clara,
California, USA). The column used was a shim-packed CLC ODS C-18 (2.5 cm, 4.6 mm, 5 μm in diameter), selected for its high effi-
ciency in separating phenolic compounds and flavonoids, which are key components in Radix Glycyrrhizae. Plant extract decoctions
were prepared at a concentration of 10 mg/mL in their respective solvents, chosen based on preliminary tests to ensure clear and
distinct peaks. A volume of 20 μL of the decoctions was injected into the HPLC system after evaluating different volumes (10 μL, 20 μL,
and 30 μL) to provide the best sensitivity without overloading the column. Themobile phases were A (H2O: acetoacetate 94:6, pH 2.27)
and B (100 % acetonitrile), with a gradient elution program developed through several trials to ensure sharp and well-resolved peaks.
The specific gradient conditions were set at 15 % B for 0 min, transitioning to 45 % B for 15–30 min and reaching 100 % B at 45 % for
35–40min, at a flow rate of 1 mL/min. This flow rate was optimized after testing different rates (0.8 mL/min, 1.0 mL/min, and 1.2 mL/
min) to find the optimal balance between run time and resolution. The UV–visible detector spectra for all samples were recorded at
254 nm [17], chosen after scanning the UV spectra of the reference standards and samples as it provided the highest absorbance for
saponins, particularly glycyrrhizin. The column temperature was maintained at 30 ◦C, with different temperatures (25 ◦C, 30 ◦C, and
35 ◦C) tested to achieve optimal peak shapes and retention times. The optimized method was validated for parameters such as line-
arity, precision, accuracy, limit of detection (LOD), and limit of quantification (LOQ). The method showed good linearity (R2 > 0.999)
for all compounds, with acceptable precision (RSD <2 %) and accuracy (recovery rate within 98–102 %). The LOD was determined to
be 0.05 μg/mL, and the LOQwas determined to be 0.2 μg/mL [18], ensuring the sensitivity of the method for detecting and quantifying
low concentrations of phenolics and flavonoids.

2.8. Dielectric spectroscopy - 4 Hz to 5 MHz (impedance analyzer)

The method for measuring the decoction extract of Radix Glycyrrhizae from 4 Hz to 5 MHz involves the use of customized
capacitive electrodes and an impedance analyzer (Hioki IM3570, Hioki E.E. Corporation, Nagano, Japan). The Radix Glycyrrhizae
sample is prepared as a decoction and placed between the capacitive electrodes. The HIOKI impedance analyzer is then used to
measure the parallel capacitance (Cp) and conductance (G) of the sample.
The obtained Cp and G values are used to calculate the dielectric constant and the dielectric loss factor. The dielectric constant (ε’)

is calculated using the formula

ε’ = (Cp*d)/(A*ε₀) (4)

where d is the sample thickness, A is the sample area, and ε₀ is the permittivity of free space. The dielectric loss factor (ε”) is calculated
using the formula

ε” = (G*d)/(ω*A*ε₀) (5)

where ω is the angular frequency.

2.9. Dielectric spectroscopy - 5 MHz to 20 GHz (vector network analyzer)

To measure the decoction extract of Radix Glycyrrhizae from 5 MHz to 20 GHz, an open-ended coaxial probe is used with a vector
network analyzer (Agilent E5071C ENA Series, Agilent Technologies, Santa Clara, California, USA). The Radix Glycyrrhizae extract is
prepared as a decoction, and the open-ended coaxial probe is placed in direct contact with the sample. The probe is connected to the
vector network analyzer, which transmits a range of frequencies into the sample. The reflected signals are then captured and measured
by the vector network analyzer. The resulting data represents the complex permittivity of the sample, including both the dielectric
constant and the dielectric loss factor.

3. Results

3.1. Total phenolic content and Total Flavonoid Content

Decoctions extracted from Radix Glycyrrhizae were found to contain a significant amount of Total Phenolic Content (TPC),
measured at 137.5 ± 1.46 mg/g of dry weight, equivalent to Gallic acid equivalent (GAE).
Total Flavonoid Content (TFC) specifically measures flavonoids, a subclass of phenolic compounds characterized by a common

structure of 15 carbon atoms arranged in three rings (C6-C3-C6). Flavonoids include various subclasses such as flavones, flavonols,
flavanones, flavan-3-ols (catechins), anthocyanins, and isoflavones, distinguished by different levels of oxidation and substitutions on
these rings. TFC focuses specifically on flavonoids with their characteristic C6-C3-C6 structure.
The flavonoid content in the Radix Glycyrrhizae decoction was found to be 91.5 ± 0.87 mg/g of dry weight, equivalent to

quercetin.
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3.2. High-Performance Liquid Chromatography (HPLC)

Table 1 presents the quantitative analysis of the Radix Glycyrrhizae decoction. The components identified in the decoction, based
on retention time, include glycyrrhizin (a triterpenoide glycoside (saponin) with glycyrrhetinic acid). The HPLC analysis results
revealed that glycyrrhizin exhibits a concentration 0.732 mg/g. The HPLC chromatogram, shown in Fig. 1(a), demonstrates that
glycyrrhizin is the most abundant saponin in the Radix Glycyrrhizae. The retention time of the identified peak for glycyrrhizin is 1.824
min. This confirms the quantitative results, with glycyrrhizin showing the highest peak, indicating its predominance in the decoction.

3.3. Fourier-Transform Infrared Spectroscopy (FTIR)

Fourier-Transform Infrared Spectroscopy (FTIR) analysis confirmed the presence of multiple bioactive constituents in the decoction
extract of Radix Glycyrrhizae. These constituents include alcohols, phenols, alkynes, alkenes, ethers, and glycosides. Six functional
groups were identified from the extract, detailed in Table 2 and illustrated in Fig. 2. The most prominent peak is observed at peak
number 3265, corresponds to the O-H stretch, likely originating from the benzene ring of TPC and TFC. These functional groups
present in extract significantly influence dielectric parameters.
The FTIR spectrum in Fig. 2 reveals key functional groups in Radix Glycyrrhizae extract. A broad O-H stretch at 3265 cm− 1 suggests

strong hydrogen bonding in alcohols and phenols, enhancing antioxidant properties. A sharp C ≡ C stretch at 2142 cm− 1 indicates
alkynes, contributing to pharmacological activity. The C=C stretch at 1635 cm− 1 represents alkenes, linked to anti-inflammatory
effects. Multiple C-O stretches (1055, 1033, 1016 cm− 1) suggest ethers and glycosides, indicating antimicrobial properties. The
fingerprint region below 1000 cm− 1 shows complex structures, highlighting the extract’s rich bioactive compounds and therapeutic
potential.

3.4. Antioxidant activity (DPPH)

The antioxidant potential of Radix Glycyrrhizae decoctions was evaluated using the DPPH method. Results indicated that anti-
oxidant activity increased proportionally with concentration. Both decoction extract and Gallic acid showed higher antioxidant ef-
ficacy at increased concentrations. The DPPH method measures antioxidant capacity through an electron-transfer process, turning a
violet solution colorless in the presence of antioxidants. This color change, quantified using a UV–visible spectrophotometer, correlates
with antioxidant concentration.
In the DPPH assay, the decoction exhibited a radial scavenging activity of 82.3 % ± 0.8 at 12 mg/mL, comparable to the standard

Gallic acid, as shown in Fig. 3. The figure demonstrates that as the concentration of both the decoction extract and Gallic acid increases,
the radical scavenging activity also rises, confirming the concentration-dependent antioxidant efficacy. Radix Glycyrrhizae demon-
strated significant variability (p < 0.05) in its ability to neutralize free radicals, further emphasizing its potential as a strong
antioxidant.

3.5. Dielectric spectroscopy- 4 Hz to 5 MHz (HIOKI IM 3570 impedance analyzer)

Fig. 4 illustrates the variation in measured dielectric constant and loss factor of Radix Glycyrrhizae decoction extract from 4 Hz to 5
MHz using a HIOKI impedance analyzer. The data reveals that both the dielectric constant and loss factor exhibit frequency-dependent
behavior.
In Fig. 4(a), the dielectric constant is high at the lower frequency of around 4 Hz, indicating a strong polarization response. As

frequency increases, the dielectric constant decreases, suggesting reduced polarization. It continues to decrease until it stabilizes
beyond 1 MHz, showing minor fluctuations up to 5 MHz.
Distilled water serves as a control for measuring dielectric constant and loss factor. Its frequency-dependent variation is negligible

compared to the decoction extract, indicating that the presence of distilled water, a major component of the extract, does not dominate
its dielectric behavior.
Similarly, Fig. 4(b) depicts the loss factor of extract, which is highest at the lower frequencies and diminishes as frequency in-

creases. It reaches a minimum around 5 MHz, showing a frequency-dependent behavior in the Radix Glycyrrhizae extract.

3.6. Dielectric spectroscopy - 5 MHz to 20 GHz (vector network analyzer)

In the frequency range of 5 MHz–20 GHz (RF and microwave spectrum), the dielectric constant and loss factor of the Radix
Glycyrrhizae extract were measured using the Agilent Technologies E5071C vector network analyzer. The measured dielectric con-
stant decreases as frequency increases. This occurs because at higher frequencies, the material’s polarization mechanisms cannot

Table 1
Analysis of saponin and flavonoids in Radix Glycyrrhizae decoctions using HPLC.

Phytochemicals Concentration (mg/g) Retention Time (min)

Saponin
Glycyrrhizin 0.732 1.824
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Fig. 1. Chromatographic representation of (a) saponin and flavonoids in Radix Glycyrrhizae decoctions and (b) standard compound (glycyrrhizin).

Table 2
Interpretation of FTIR for compounds found in the decoction extract of Radix Glycyrrhizae.

No Wave Number cm− 1 Function Groups Identified Phytocompounds

1 3265 O-H stretch Alcohols, phenols
2 2142 C ≡ C stretch Alkynes
3 1635 C=C stretch Alkenes
4 1055 C-O stretch Ethers
5 1033 C-O stretch Ethers
6 1016 C-O stretch Glycosides
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respond fast enough to the changing electric field, resulting in reduced ability to store electrical energy (represented by the dielectric
constant).
Simultaneously, the loss factor increases with frequency. The loss factor denotes the ability of bioactive compound in extract to

dissipate electrical energy when subjected to electric field. The increase in loss factor corresponds to the decrease in dielectric constant,
where incomplete dielectric polarization reduces friction among the functional groups of bioactive compounds.

4. Discussion

The therapeutic potential of Radix Glycyrrhizae decoctions can be attributed to the presence of phytoconstituents, which were
identified through HPLC analysis. Previous studies have documented various phytoconstituents in Radix Glycyrrhizae extract,
including flavonoids and saponins [19]. The decoctions exhibited TPC and TFC of 137.5 ± 1.46 and 91.5 ± 0.87, respectively,
consistent with previous research findings reporting TPC content at 45.13 ± 8.74 mg GAE/g and TFC at 24.99 ± 2.65 mg QE/g [20].
HPLC analysis revealed high concentrations of saponins such as glycyrrhizin in Radix Glycyrrhizae decoction. FTIR analysis further
validated the presence of alcohols, phenols, alkynes, alkenes, ethers, and glycosides, supporting the identification of biologically active
compounds as revealed by HPLC. Glycyrrhizin features hydroxyl groups within its triterpene structure, alongside carboxylic acid
groups and glycosidic linkages. According to Qiao et al. [21], glycyrrhizin emerged as the predominant saponin compound in HPLC in
the decoction extract.
Phytoconstituents such as phenolics and flavonoids significantly contribute to the antioxidant properties due to their hydrogen-

donating ability and structural requirements essential for potent radical scavenging activity [22]. The broad spectrum of biological
activities attributed to flavonoids includes, antimicrobial, antioxidant, anti-inflammatory, anticancer, and anti-allergic properties

Fig. 2. Analysis of the FTIR spectrum for the decoction extract derived from the Radix Glycyrrhizae plant.

Fig. 3. Assessment of the antioxidant activity of Radix Glycyrrhizae decoctions using the DPPH assay.
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[22]. Phenolic compounds like tannins are responsible for antioxidant activity, while saponins exhibit antimicrobial, allelopathic, and
hemolytic properties, and alkaloids contribute to antimicrobial and anticancer effects [23]. Radix Glycyrrhizae demonstrated sig-
nificant antioxidant potential in the DPPH assay, with an observed activity of 82.3 ± 0.8. Both quantitative and qualitative analyses
revealed a high concentration of polyphenols, suggesting a direct correlation between scavenging activity and polyphenolic content.
The findings align with Grigore et al. [24], who demonstrated significant radical scavenging activity in extracts with high concen-
trations of polyphenols and quercetin at doses over 3 mg/mL, resulting in over 50 % inhibition.
Data processing and analysis were performed using OriginPro 2023 for dielectric spectroscopy measurements. In Fig. 4(a), the

decrease in dielectric constant of Radix Glycyrrhizae decoction extract from 4 Hz to 50 MHz is attributed to molecular dipole
relaxation. Polar covalent bonds, such as those involving oxygen (e.g., in hydroxyl groups of glycyrrhizins or other polar groups in the
glycosides and glycyrrhetinic acid), contribute to dipole polarization. As the frequency increases, molecules may not have sufficient
time to reorient in response to changing electric field, reducing polarization effects. Ionic metabolites, electrolytes, or mineral in the
extract experience limited mobility with increasing frequency due to asynchrony between oscillations and electric flied frequency,
further reducing polarization effect. Conversely, the decrease in the loss factor from 4 Hz to 50 MHz as shown in Fig. 4(b) is attributed
to reduced energy dissipation during polarization due to friction among phytochemical polar groups (e.g., hydroxyl, carboxylic acid,
carbonyl, ester groups).
The dielectric spectrum differs between 4 Hz and 50 MHz and 50 MHz to 20 GHz, where the dielectric loss factor increases in the

latter range. The mobility of ionic metabolites, electrolytes, and minerals within the extract decreases, leading to reduced ionic
conductivity and a decline in dielectric constant (Fig. 5(a)). Meanwhile, the loss factor increases due to intensified frictional activities
during ion oscillations at higher frequencies compared to lower frequencies. Additionally, hindered response of water molecules to
electric fields contributes to decreased dielectric constant at higher frequencies, while increased loss factor results from damping of
molecular motions. Both dielectric constant and loss factor show minimal differences between the decoction extract and distilled
water, largely influenced by water molecules as the major component of the decoction.
The dielectric properties of Radix Glycyrrhizae decoctions, including dielectric constant and loss factor, significantly influence their

therapeutic potential. The dielectric constant, which measures energy storage in an electric field, is affected by concentrations and
types of phytoconstituents such as glycyrrhizin, altering interactions with tissues [11]. The dielectric loss factor, quantifying elec-
tromagnetic energy dissipation, varies with phytoconstituent interactions, potentially enhancing therapeutic effects [12]. Moisture
content, crucial in aqueous decoctions, also influences dielectric properties [13]. Concurrently, dielectric spectroscopy analyzes these
properties from 4 Hz to 5 MHz with the HIOKI IM 3570 Impedance Analyzer, highlighting robust polarization mechanisms influenced
by phenols and flavonoids. Higher TPC and TFC correspond to enhanced dielectric responses. In the range of 5 MHz–20 GHz, analyzed
with a vector network analyzer, polarization decreases with frequency, while the loss factor increases, reflecting effective energy
dissipation. These findings are supported by FTIR, identifying molecular vibrations affecting dielectric behavior. Antioxidant activity,
assessed via the DPPH assay, further impacts dielectric properties, suggesting stable electrical performance alongside antioxidant
benefits. This integrated approach informs potential applications in pharmaceuticals, biomedicine, and food science, highlighting the
critical role of both electrical and bioactive properties in Radix Glycyrrhizae decoctions.

5. Conclusions

The determination of total phenolic and flavonoid content revealed significant amounts of TPC and TFC in the decoction. HPLC
analysis further confirmed high quantities of phenolics and flavonoids, recognized for their potent antioxidant and anti-inflammatory

Fig. 4. (a) Dielectric constant and (b) loss factor of Radix Glycyrrhizae decoction extract and control (distilled water) using a Hioki impedance
analyzer in the frequency range of 4 Hz–5 MHz.
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properties. FTIR spectroscopy analysis indicated the presence of functional groups, corroborating the phytoconstituents identified via
HPLC. The decoction demonstrated robust antioxidant properties, largely attributed to the phenolic and flavonoid compounds due to
their strong hydrogen-donating ability. The pharmacological and medicinal potential of Radix Glycyrrhizae suggests it holds great
promise as a versatile therapeutic plant, warranting further exploration. Additionally, dielectric spectroscopy shows promising results
in investigating phytochemical contents in Radix Glycyrrhizae decoction extract.
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