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A B S T R A C T   

Background: Traditional herbal medicines usually contain electron shuttle (ES)-like structures compounds which 
are potential candidates for antiviral compounds selection. Houttuynia cordata is applied as a biomaterial to 
decipher its potential applications in bioenergy extraction in microbial fuel cells (MFCs) and anti-COVID-19 via 
molecular docking evaluation. 
Methods: H. cordata leaves extracts by water and 60% ethanol solvent were analyzed for total polyphenols, 
antioxidant activity, cyclic voltammetry (CV), and MFCs. The bioactive compounds of H. cordata leaves extracts 
were assayed via LC/MS analysis. Identification of the marker substances for potential antiviral activity using a 
molecular docking model was provided. 
Significant findings: 60% ethanol extract exhibits the highest total polyphenols and antioxidant activity compared 
with water extracts. Bioenergy extraction in MFCs showed that 60% ethanol extracts could give 1.76-fold more 
power generation compared to the blank. Flavonoids and their sugar-to-glycan ratios increased after CV scanning 
and they are expected to be effective ES substances. Quercitrin, from the H. cordata extract that shares an ES-like 
structure, was found to exhibit strong binding affinities towards ACE2 and RdRp. This indicated the potential of 
H. cordata leaves as a promising antiviral herb.   

1. Introduction 

For thousands of years, Chinese medicinal herbs have been exten-
sively used to treat diverse illnesses using their chemical composition 
and biological activity (e.g., antioxidant and anti-inflammatory) 
possibly due to combined synergy of compound formulae. Due to 
recent COVID-19 pandemics taken place over the globe, the variants of 
COVID-19 seemed not easy to be eliminated. Thus, it is of great 
importance to focuse on searching for natural plants that can combat the 
virus and harness its rich phytochemical components in place of syn-
thetic antioxidants due to their less toxic effects [1]. Recent studies 
reveal that COVID-19 treatment agents were abundant in 
ortho-dihydroxy substituents and flavonoids, which suggests that the 
herb may have electron shuttle (ES) capabilities and the ability to resist 
virus transmission [2]. As long as natural plants contain sufficient 

polysaccharides and polyphenols, they will likely receive significant 
attention because such compounds have been referred to as “good an-
tioxidants [2]. To be specific, H. cordata was found to have the ability to 
persistently fight against COVID-19 [3,4]. These all directly suggest that 
such “good antioxidants” could be not such simple as stated. In fact, as 
Tsai et al. [5] pointed out, due to sustainable capabilities to effectively 
resist COVID-19, these “antioxidants” were found to be electron shuttles 
(ESs) with electrochemical catalysis. Hence, H. cordata will serve as a 
potential candidate for sources of natural ESs strongly related to power 
generation [6]. Thus, this study selects H. cordata as the main herb for 
analysis as its antiviral characteristics and ES capability can significantly 
stimulate organisms to catalytically accelerate the rate of redox 
reactions. 

H. cordata (Family: Cloveraceae) is a perennial herb that grows in 
moist and shaded places. This plant is widely known among people of 
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different cultures in Japan, Korea, China and Northeast India for its 
medicinal properties. According to the practice of traditional herbal 
medicine, the plant has been often used to fight inflammation-related 
symptoms (e.g., pneumonia, severe acute respiratory syndrome, mus-
cle sprains, and stomach ulcers). As a matter of fact, symptoms of 
oxidation and inflammation are usually taken place for most diseases. 
Many ancient documents of traditional Chinese medicine (TCM), Ay-
urveda, and Japanese traditional medicine also disclosed the anti- 
oxidative and inflammatory effects of H. cordata [7]. Among them, H. 
cordata was found to treat bronchial symptoms effectively. In terms of 
antiviral activity, H. cordata not only shows inhibitory activity against 
severe acute respiratory syndrome (SARS), but can also effectively fight 
against new coronary pneumonia COVID-19 [3,4,8]. In general, the 
chemical composition of H. cordata mainly falls into six categories, 
namely: volatile oils, flavonoids, alkaloids, fatty acids, sterols, and 
polyphenolic acids, as found from many studies [9–11]. The main active 
chemical components of H. cordata extract are identified as chlorogenic 
acid, rutin, hypericin, isoquercitrin, quercetin, afzelin, quercetin, cate-
chol, caffeic acid, quinic acid, ferulic acid. Hence, to decipher the overall 
chemical reaction of H. cordata, LC/MS analysis was conducted herein to 
reveal whether the presence of these chemically active polyphenolic 
components could even exhibit strong ES potential. 

Biomass-based energy is the most promising green renewable and 
ecologically compatible energy for sustainable development. To unveil 
such bio-compatible bioenergy content, microbial fuel cells (MFCs) 
harness the biocatalytic capabilities of living microorganisms, utilizing a 
wide range of organic matter to generate electrical current converting 
from chemical energy stored in chemical bonds. In this study, the MFCs 
contain three parts, i.e., anode, membrane and cathode. The anode is 
where the anaerobic oxidation occurs via the biofilm of Shewanella sp.– 
an electrochemically-active bacteria. Such electroactive bacteria 
mediate the process to release electrons (i.e., extracellular electron 
transfer) generated from oxidation of electron donors (e.g., sugars in the 
medium) through external circuit toward the cathode. These electrons 
are conserved in NADH fed into the quinol pool link to different inner 
membrane quinol oxidases transferred to outer membrane metal- 
reducing complex that either directly interacts on the surface of elec-
trodes or indirect approach mediated by flavin electron shuttles [12]. 
The cathode contains a carbon electrode immersed in water that use 
dissolved oxygen as the electron acceptor or they are herein plain carbon 
electrodes in a ferricyanide solution. Using so-called electroactive bac-
teria, it is possible to generate bioelectricity by utilizing organic matter 
and degradable treated products (e.g., wastewater) [13,14]. Supple-
mentation of exogenous ESs in MFCs can significantly "catalyze" the 
oxidation of organics and reduce the resistance to ET within the liquid 
phase and between solids and liquids, thereby considerably increasing 
bioenergy production. ESs act as “electrochemical catalysts” to enhance 
the rate of redox reactions and catalyze electron transport efficiency for 
abiotic and bioelectrochemical reactions, increasing power-generating 
capabilities of MFCs. Furthermore, it has been established that ESs are 
cost-effective and material-renewable which could potentially 
contribute to sustainable bioenergy extraction. Several studies have 
pointed out that chemical compounds bearing electron-shuttling struc-
tures (e.g., polyphenol oxides, aromatic compounds with ortho- and 
para-dihydroxy substituents) are capable of functioning as electro-
chemical catalysts that have reversible characteristics to stimulate redox 
reactions. However, for the meta-dihydroxy substituents, such promot-
ing effect for electron-transporting characteristics could not be 
expressed due to the lack of resonance effect in the structure of the in-
termediate group [15–17]. Exogenous ESs are also known as redox 
mediators (RMs) which can be used as electro-active catalysts for energy 
extraction, reversibly promoting the electron transfer (ET) phenomenon 
for oxidation and reduction. Hence, the assistance through RMs pro-
vided the most energy-efficient and the least electron-resisting method 
for power generation in MFCs. Although supplementation with chemi-
cally synthesized ES (e.g., methylene blue, 2-aminophenol, or neutral 

red) can significantly increase the rate of contaminant degradation, uses 
of synthetic chemicals are apparently not cost-effective or environment, 
ecology-friendly and even lead to concerns of secondary pollution after 
treatment. Therefore, adding natural sources of ESs to enhance the 
power-generating efficiency of MFCs is of great and immediate impor-
tance [16,18–20]. 

Meanwhile, Guo et al. [21] emphasized that neurological processes 
involve numerous redox processes comprising neurotransmitters (e.g., 
epinephrine and dopamine) which owns a structural moiety aiding 
effective electron-shuttling efficiency and considerably increasing 
bioelectricity-generating performance in MFCs. Due to the COVID-19 
pandemics, recent studies pointed out that the electron-shuttling char-
acteristics of chemical species in TCMs as RMs were associated with an 
effective antiviral activity following the “twofold index” of its amplifi-
cation factor on power-generation in MFCs [22,23]. In fact, major 
compounds in Rheum palmatum L. (e.g., aloe-emodin, rhein, emodin, 
chrysophanol, and physcion) had significant MFC amplification factor 
and expressed antiviral effects on Flaviviridae viruses causing Dengue 
fever, Japanese encephalitis, and Hepatitis C [22]. Notably, a potential 
candidate for anti-COVID-19 treatment from Coffea arabica, which also 
satisfied the twofold MFC amplification factor, was found to be 
chlorogenic acid in molecular simulations [23]. The study revealed 
chlorogenic acid to have greater binding affinity to SARS-CoV-2 RdRp 
than remdesivir, resulting in stronger ligand-protein binding that ter-
minates its viral transcription mechanisms. This pre-screening applica-
tion of MFCs to natural products and synthetic chemicals for antiviral 
activity provides a novel platform in bio-electrochemistry leaning to-
ward economically-feasible practices relevant to “bioenergy-steered” 
pharmacology for sustainable development. 

In fact, herbal medicines were possible sources of natural ESs, since 
they have been used for disease treatment for thousands of years. Chen 
et al. [24] pointed out that naturally occurring ES source (e.g., medicinal 
herbs) are abundant in polyphenolic compounds which can be used as a 
potential bioresource to effectively stimulate the production of bio-
energy in microbial fuel cells. In conclusion, this bioelectrochemical 
convertibility of natural polyphenolic antioxidants and ES will provide a 
sustainable alternative for renewable bioenergy applications. In partic-
ular, this feasibility study also emphasized that using indigenous bio-
energy resources with green and sustainable significance of renewable 
energy utilization and recycling could achieve the goal of net-zero 
emission for circular economy. 

This study therefore aims to investigate the effect of the different 
ratios of ethanol extracts on H. cordata leaves for the electrochemical 
activity via bioenergy generation. The phytochemical analysis for the 
quantification of the secondary metabolites in the form of total poly-
phenols and an evaluation of the antioxidant properties, and bioenergy 
production capability were also assessed. In addition, identification for 
marker substances using LC/MS for potential ESs compounds is carried 
out. The maker substances are further subjected to the antiviral activity 
tests using a molecular docking model for anti-COVID-19 treatment. 

2. Materials and methods 

2.1. Preparation of H. cordata leaves extracts 

Fresh H. cordata was placed in the oven (50 ◦C) for one day, then 
grounded using blender into powder. Approximately 2.5 g of sample was 
placed in round flask with containing 50 mL of solvent and set up in a 
coiled condenser. Refluxed at 60 ◦C for 2 h, followed by suction filtra-
tion, and then concentrated using rotary evaporator. After filtration, the 
liquid was concentrated, and finally DI water was added to 50 ml 
quantitatively [24,25]. 

2.2. Cyclic voltametric (CV) assay 

CV was then performed to compare the electrochemical properties of 
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different concentrations of H. cordata extracts. To test the electro-
chemical reversible stability of the samples, cyclic voltammetry scans 
were performed at a scan rate of 10 mV/s for 100 scan cycles using an 
electrochemical workstation (CHI-627A, CH Instruments Inc., USA). 
Initially, nitrogen gas was used to flush the herbal extract for 15 min. 
The working electrode, auxiliary electrode and reference electrode are 
glassy carbon electrode (0.07 cm2), platinum electrode (6.08 cm2) and 
Hg/Hg2Cl2 electrode filled with saturated KCl(aq), respectively. Glassy 
carbon electrodes (GCE, ID = 3 mm; model CHI-104, CH Instruments 
Inc., USA) were cleaned with 0.05 mm alumina polish before the study 
and then rinsed with 0.5 M H2SO4 and deionized water [17,24,26]. 

2.3. Total polyphenol contents 

In this experiment, the total polyphenol content of the sample was 
determined by the Folin reagent method. Then the sample was filtered 
through a 0.22 μm filter sieve, 1 ml of the sieved sample was taken, and 
2.5 ml of 0.2 mol/L (M) Folin phenol reagent (Sigma, USA) and 2 ml of 
75 g/L Na2CO3 aqueous solution was added in sequence. The mixed 
solution was shaken with Vortex for 20 s to make the solution evenly 
mixed, the preparation process should be protected from light, placed in 
45 ◦C incubator for 15 mins. after preparation, and finally Blue absor-
bance was measured at wavelength 765 nm by spectrophotometer 
(Genesys 20, Thermo, USA) [24,27]. 

2.4. DPPH free radical scavenging capacity 

2,2-diphenyl-2-picrylhydrazine radical (DPPH, C18H12N6O5, Alfa 
Aesar) was used to evaluate antioxidant activity. DPPH scavenging ca-
pacity was measured by mixing 1 ml sample solution (prepared with 
95% EtOH) with 2 ml of DPPH solution (0.0394 g DPPH/100 ml 95% 
EtOH). The mixture was allowed to stand in dark 30 min for reaction. 
Measure the absorbance at wavelength of 517 nm by spectrophotom-
eter. The calculation formula of DPPH free radical scavenging ability is 
(1-(Abssample -Absblank) / Abscontrol)*100%, where Abssample is the 
absorbance of 1 ml sample and 2 ml DPPH solution mixture; Absblank is 
the absorbance of 1 ml sample and 2 ml EtOH (95%) mixture; Abscontrol 
is the absorbance of 1 ml EtOH (95%) and 2 ml DPPH solution mixture 
[24,28]. 

2.5. Power density 

Power density was measured by using a self-designed dual-chamber 
(DC-MFC). Graphite rods (grade: IGS743; Central Carbon Co., Ltd) were 
used for anode and cathode. The cathodic and anodic compartments 
(volume 200 ml) were separated by a proton exchange membrane 
(DuPontTM Nafion® NR-212) with a contact area of approximately 200 
ml for 4.52 cm2 (inner diameter = 1.2 cm). The parameter anode is the 
actual working area of the graphite anode (16.49 m2). The MFC were 
operated at ambient temperature. Electroactive bacteria - Shewanella sp. 
(WLP72) was used for biopower generation in MFC. The strains were 
kept in -80 ◦C refrigerator. At the beginning of MFC, one tube of 
Eppendorf (containing 0.5 ml glycerol + 0.5 ml bacterial broth) is 
inoculated into a 500 ml Erlenmeyer flask containing 100 ml LB medium 
((Difco™ LB Broth, Miller; Luria Bertani; composed of 10 g/L tryptone, 
5 g/L yeast extract, and 10 g/L NaCl) as seed culture, then was incubated 
for 30 ◦C at 125 rpm incubator for 12 h. Then 1 ml of the seed culture 
was inoculated to the main culture in 500 ml Erlenmeyer flask con-
taining 100 ml of LB medium and cultured for 30 ◦C at 125 rpm in an 
incubator shaker for 12 h. Before experimentation, the biomass OD600nm 
was analyzed and ensured to reach about 1.8–2.0. Exactly 200 ml of the 
culture medium and 1 ml H. cordata extract were introduced into the 
anode tank. While the cathode cell was filled with electrolyte prepared 
from K2HPO4 (dipotassium hydrogen phosphate; SHOWA Co. Ltd.) and 
6.38 g K3Fe(CN)6 (potassium ferricyanide; BAKER ANALYZED, A.C.S. 
Reagent) in 200 ml D.D. water. The culture medium without H. cordata 

was used as reference and blank to determine effective power amplifi-
cation after the introduction of the sample. The power and current 
density of the MFC are calculated using the following equations: 

Pdensity =
VMFC ∗ IMFC

Aanode
(1)  

Idensity =
IMFC
Aanode

(2)  

where VMFC and IMFC can be assessed using linear sweep voltammetry by 
a program for electrochemical analysis [21,29]. 

2.6. LC/MS analysis 

Liquid chromatography tandem mass spectrometer (Liquid 
Chromatography-Tandem Mass Spectrometer, LC/MS) was used. The 
model TSQ Altis produced by Thermo Scientific Company was a triple 
quadrupole mass spectrometer (Triple Quadrupole Mass Spectrometer). 
Ionization must be carried out first, and an appropriate ion source 
method should be selected according to the physical and chemical 
characteristics of the sample. In this experiment, electrospray ionization 
(ESI) was used to complete the scanning in the negative ion environment 
[6]. 

2.7. In-silico screening of the potential anti-COVID-19 activity of 
quercitrin 

Proteins considered in this study were SARS-CoV-2 RdRp (PDB: 
7BTF) and ACE-2 receptor (1R42). These proteins were obtained from 
PDB database (https://www.rcsb.org/) and processed in Biovia Dis-
covery Studio 2021 and Autodock Tools 4.2 [30]. Before any analysis, 
these processed proteins were validated using different algorithms 
(Verify 3D and ERRAT) from UCLA Saves 6.0 (saves.mbi.ucla.edu) and 
Ramachandran plot (Anderson et al., 2005). To ensure the quality of the 
protein model used, Verify 3D (must be greater than or equals to 80%) 
that evaluates the 3D conformation of the protein based on its 1D 
sequence [31]. ERRAT (must be greater than or equals to 50%), was 
used to evaluate the distribution of non-bonded atomic interaction 
within the protein [31] Lastly, the Ramachandran plot will show the 
percent of amino acid residues in the protein that was observed within 
the preferred and questionable region [32] While, the sdf file format of 
the ligand used in this study (quercitrin, CID: 5280459) was obtained 
from PubChem (chem.ncbi.nlm.nih.gov). Then, OpenBabel [33] was 
used in converting the sdf file of the ligand to mol2 format for phar-
macophore analysis (using PharmaGist) [34] and pdbqt format for 
docking analysis. Afterwards, AutoDock Vina [35] was used in this study 
for docking analysis on quercitrin and the six proteins. Comparing with 
the positive control, protein-ligand complex with promising binding 
affinity will undergo molecular dynamics simulation in CABS-Flex 2.0 
[36]. All in silico analysis done in this study was conducted with a 
Window 11 computer system having AMD Ryzen 7 3700 U, Radeon 
Vega Mobile Gfx 2.30 GHz, and 8.00 GB RAM. 

3. Results and discussion 

3.1. The effect of ethanol concentration on cyclic voltammetry 

To exhibit the optimal ratio of GRAS solvent to have maximal 
electro-activity for leading bioelectricity generation, cyclic voltammetry 
(CV) on electrochemical measure was implemented. In fact, the closed- 
loop area of the CV curve may be regarded as a probe to determine 
whether the electrochemical activity is reversibly stable [17]. Therefore, 
an electrochemical analysis via CV was also utilized to determine 
whether the electrochemical activity of the H. cordata extract exhibits ES 
characteristics. The area of the CV curve of the redox potential was used 
as an indicator of electrochemical activity. It is determined to assess 
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antioxidant capacity of the substance such that a higher area under the 
curve (AUC) indicates that the studied extract has a higher electro-
chemical potential to be expressed. 

As shown in Fig. 1, the AUC of the different ethanol extracts after 100 
CV scans, regardless of the ethanol concentration, possess similarity, and 
the shapes enclosed by the areas exhibit almost uniform. Fig. 1(b) 
showed an obvious second oxidation peak taken place in ethanol con-
centrations ranged from 50 to 70%. For quantitative evaluation, the area 
of each cycle curve was calculated (Table 1). As shown in Table 1, all 
AUC exhibited by the ethanol concentration of 50-70%, low- 
concentration ethanol, and pure water extraction is greater than 2 μW. 

Significantly, water extraction remains an efficient condition with an 
area of 3.13μW. According to Tsai et al. [5], the AUC value may not be 
regarded as the only screening factor, as the herbal extract may be not 
completely converted as appropriate electrochemical energy type(s) of 
biomass on the same basis. That is, the results may be influenced by the 
interference of various factors. In addition, further detailed analysis is 
inevitably required to elucidate the electrochemical characteristics of 
the extracts [17]. 

The stability and decay of the electrochemical activity of 60% 
ethanol H. cordata extract and 0% (pure water) extract were evaluated 
and analyzed. Under the cyclic voltammetry conditions, the scanning 
rate of 0.01 V/s, voltages ranged from -1.5 ~ +1.5 V and 100 serial 
scanning cycles, it was evaluated whether the extract can maintain good 
redox ability and sustainable energy during the long-term process of 
gaining and losing electrons. As Fig. 3 indicated, the closed-loop area is 
compared from the first to the 100th cycle (Table 1). It is found that the 
closed-loop area of the extract was consistent regardless of the concen-
tration. In fact, from the first cycle to the 50th cycle, there is a significant 
downward trend which means that the redox-capable substances in the 
extract have electrochemically declined in the first 50 cycles of CV. 
Furthermore, the cycle area from the 50th to the 100th cycle is shown to 
be stabilized, suggesting that the electrochemical activity gradually 
decreases and converges to a stable level. Such transient dynamics of CV 
profiles would inevitably be deciphered in follow-up studies for 
conclusive remarks on catalytic potential. 

As Fig. 2 revealed for comparison on the water extract and 60% 
ethanol extract, it is indicated that after 100 CV cycles, 0% ethanol 
extract changes more drastically than 60% ethanol extract. Therefore, 

Fig. 1. Comparison of CV curves of different ethanol concentrations H. cordata extracts in 100 scans (a) ethanol concentration 0~40% (b) ethanol concentra-
tion 50~95%. 

Table 1 
Comparison upon different responding curves at various CV cycles of different 
ethanol concentration H. cordata extracts.  

Ethanol 
Concentration 

Cycle 1 
(μW) 

Cycle 10 
(μW) 

Cycle 50 
(μW) 

Cycle 100 
(μW) 

Decay 
ratio 

95% 6.16 3.21 1.8 1.51 75.49% 
80% 7.41 4.16 2.16 1.73 76.65% 
70% 9.07 6.39 3.28 2.49 72.55% 
60% 8.11 5.26 2.99 2.39 70.53% 
50% 7.33 4.88 2.84 2.41 67.12% 
40% 5.33 3.37 2.34 1.98 62.85% 
30% 9.90 6.25 3.37 2.69 72.83% 
20% 10.23 6.07 3.26 2.59 74.68% 
10% 13.39 7.34 3.86 2.97 77.82% 
0% 15.19 6.98 3.43 3.13 79.39% 

aSupplement is test of the H. cordata leaf extracts. 
bDecay ratio = 1-(Cycle 100/Cycle 1) × 100%. 

Fig. 2. CV curves of H. cordata water extract and 60% ethanol extract under different cycle.  
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the trend for the decay rate seemed to be applicable to be an indicator. 
As a result, the decay rate of water extract was shown to be the highest, 
simply implying that the substances in water extract were relatively 
unstable than ethanol extract to be ESs. According to Guo et al. [21], 
antioxidant-rich chemicals can be gradually oxidized and/or attenuated 
after electrochemical treatment. However, for substances with strong 
electrochemistry and continuous reusability (i.e., substances with low 
decay rate), to achieve electrochemical stabilization, their potential will 
be reduced at first and then asymptotically stabilized. The remaining 
residual species would be very likely compositions with stable "elec-
trochemical catalysis." 

At the beginning of the scan, a rapid decline was exhibited, indi-
cating that more substances in higher % ethanol extract cannot be 
electrochemically oxidized or reduced continuously (Fig. 3). There may 
be different amounts and diversity of impurities in water and ethanol. 
Specifically, after 50 scans, there is a gradual decay. According to prior 
studies, new peaks may be evolved after several cycles of cyclic vol-
tammetry. It may be derived from the formation of polymer film on the 
glassy carbon electrode which obstructs the electrode that results in the 
CV AUC gradually decreasing [37,38] This point is possibly consistent 
with the experimental results. The remaining persistent species strongly 
show that they have the electrochemically stable and reversibly prop-
erties of antioxidants. Evidently, substances with stable reductive and 
oxidative potential peaks (e.g., dihydroxy substituents chemicals) can 
significantly stimulate bioelectricity performance in MFCs [21]. That is, 
exposure to repeated electron donation and withdrawal processes, ESs 
can still stably maintain intact integrity of their chemical structures and 
electrochemical properties. 

3.2. Ethanol concentration versus total polyphenol content 

In the process of extracting phenolic compounds from plants, the 
properties of the extracted contents would vary due to the difference in 
the polarity of the solvents of extraction. According to “like dissolves 
like” principle, phenolic compounds favorable to such a solvent could 
thus be directly extracted. The quantitative analysis of the total poly-
phenol content of H. cordata was then tested by the Folin–Ciocalteu 
assay compared to unscanned CV results [39]. 

Relevant studies have pointed out that ethanol can effectively extract 
flavonoids and glycosides through the advantages of polarity in the 
extracting solution. Using organic solvents mixed with water helps form 
a medium polar solution, thereby improving the polyphenols extraction 
efficiency [40]. However, using water as a single solvent very possibly 
yields extracts with high levels of impurities (e.g., organic acids, sugars, 
soluble proteins) that may interfere with identifying and quantifying 

phenolics [41]. In comparison with 60% ethanol and water extract, the 
water extract did contain the least amount of polyphenols while 60% 
ethanol with appropriate polarity yielded the most polyphenols. Ethanol 
effectively aids in the breakdown of the cell wall and enables the 
dissolution of phenolic compounds from the sample matrix. This is 
because most phenolic compounds are linked to lipophilic structures 
that may hinder it from extraction. Some polyphenolic compounds (e.g., 
flavonoids) are in the structure forms of glycosides. With the use of 
ethanol mixed with water as an extracting solvent, this helps form a 
medium polar solution, thereby improving the polyphenols extraction 
efficiency. Particularly, ethanol is a low polar solvent and water is a 
strong polar solvent so that can be mixed in any ratio. Therefore, after 
adding water to ethanol, the polarity of the composite solution increases 
continuously. That is, the proportion of more polar phenolic compounds 
obtained in the extract increased with water content. Another possible 
reason why the presence of some water would increase the efficiency 
could be due to the increased swelling of the plant material by water 
which increases the contact surface area between the plant substrate and 
the solution [42]. 

Chen et al. [17] pointed out that CV AUC gradually decreases and 
finally asymptotically stabilizes after several scan cycles. It is observed 
that this behavior exhibits a gradual electrochemical oxidation, indi-
cating that they have the electrochemical properties of antioxidants. 
Thus, the antioxidant-rich chemicals could gradually be oxidized after 
electrochemical treatment. Whether electroactive species or chemicals 
can act as ES or antioxidants depends mainly on the reversible electro-
chemical properties of several serial CV scans under specific conditions. 
Furthermore, natural polyphenols could be irreversibly attenuated or 
reversibly remained via such repeated electrochemical oxidation and 
reduction would directly control the performance of bioenergy extrac-
tion in MFCs. 

The analysis of the extract solution after cyclic voltammetric scan-
ning was carried out to inspect whether the compounds were altered due 
to successive multiple redox reactions. As shown in Table 2, the poly-
phenol content of the extract evidently had change before and after CV 
processes. However, the maximum polyphenol content is still exhibited 
for the 60% ethanol extract regardless before or after CV scanning, 
suggesting that ethanol and water mixture have the most promising 
extraction efficiency in a specific ratio. The cyclic voltammetry mea-
surements could increase the polyphenols level in the sample, which 
might be attributed to structural changes of chemical compounds in the 
extract, and improve the electrochemical properties for favorable 
bioelectricity stimulation for the electro-active bacteria. 

3.3. Effect of ethanol concentration on power generation 

As long as herbs rich in polyphenolic antioxidants can be efficiently 
converted into ES catalysts, it is highly suggested that this can effectively 
enhance the treatment efficacy of herbs to promote human health. For 
example, catechol and dopamine play critical bioenergetic roles in the 

Fig. 3. The curve comparison of different CV cycle of different ethanol con-
centration H. cordata extracts (CV area unit in μW). 

Table 2 
Polyphenol content of H. cordata extract at different concentrations.  

Ethanol 
concentration 

Before CV (mg GAE/ 
g DW) 

After CV (mg GAE/ 
g DW) 

Increase 
ratio 

95% 27.44 ± 2.12 27.67 ± 0.86 0.83% 
80% 38.33 ± 0.55 40.33 ± 0.24 4.96% 
70% 40.17 ± 0.16 43.05 ± 0.63 6.69% 
60% 49.50 ± 0.16 56.22 ± 1.18 11.95% 
50% 48.83 ± 0.16 51.44 ± 0.24 5.07% 
40% 42.72 ± 0.16 44.50 ± 1.25 4.00% 
30% 34.89 ± 0.39 39.38 ± 1.57 11.40% 
20% 31.00 ± 0.24 32.61 ± 0.47 4.94% 
10% 24.28 ± 0.16 31.72 ± 0.16 23.46% 
0% 22.56 ± 0.08 22.61 ± 0.63 0.22% 

*GAE and DW represent as gallic acid equivalents and extract weight. 
*Increase ratio = 1 - (Before CV / After CV). 
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continued functioning of the body and brain related effects [21]. To 
validate the aforementioned analysis, H. cordata was used to evaluate 
bioelectricity-generating capability of MFCs and verify whether the re-
sidual chemical species could be ESs [18,24,43]. 

Moreover, studies [44,45] indicated that Shewanella could effectively 
catalyze simultaneous wastewater biodegradation and bioelectricity 
generation. This was due to encouraging electrical conductivity of 
bacterial nanowires produced by Shewanella strain. Through exogenous 
supplements of redox mediators, it can even improve forward the 
electron-transferring capability in MFCs. Furthermore, potassium ferri-
cyanide in the electrolyte could be reduced through Shewanella sp. 
(WLP72). This process is required to release electrons by oxidizing 
organic matter (e.g., sugars) and increasing the overall reaction rate. 
Here, H. cordata extract was added to microbial fuel cells with Shewa-
nella strain and different concentrations of ethanol extracts were inoc-
ulated (Fig. 4). The performance of supplemented H. cordata extract was 
compared as indicated in Table 3 and Fig. 4. The amplification of PD 
with respect to blank is ranking as follows: 60%(1.764) >50%(1.662) >
70%(1.383) > 80%(1.22) > 40%(1.22) > 30%(1.117) > 20%(1.036) >
10%(1.003) > 0%(0.74). 

The effect of 60% ethanol even more effectively increased the reac-
tion rate in MFCs. Prior TPC analysis showed that 60% ethanol extract 
ranks the first place for the total polyphenols. On the contrary, the water 
extraction is less than the blank and thus exhibits no additive effect. That 
is, the polyphenol content contained in the water extracts was shown to 
obtain the lowest yield [17]. These variations seemed to suggest that 
there exists a correlation between the polyphenol content and ES. Very 
possibly due to electrochemical catalysis of ES species, the resultant 
extract could be considerably converted to nutrients with fewer carbon 
atoms in higher rates. Therefore, electro-active microorganisms could 

effectively utilize the converted nutrient sources. Meanwhile, this elec-
trochemical catalysis also effectively triggers the cellular metabolism of 
electron transport chain in the bacterial cells. This of course augmented 
bioelectricity production in MFCs due to significant reduction of elec-
tron transfer resistance among different phases (e.g., 
biofilm-to-electrode, broth medium-to-biofilm resistances). Such find-
ings also confirm that the content of phenols affects electricity produc-
tion efficiency due to different amount and chemical species of 
exogenous ESs. Following the previous analyses of total polyphenol 
content and CV profiles, the 60% ethanol extracts also exhibited the 
largest electrochemical potentials for redox mediations. Thus, 60% 
ethanol extract would be the most electrochemically promising for 
bioenergy extraction. 

To verify whether the residual chemical species own electrochemical 
potential as ES or compounds exhibiting electrochemical attributes (e.g., 
electroreduction and/or oxidation potential peak(s)), Shewanella strain 
WLP72 was also used as a control to compare the changes of water and 
ethanol extracts after 100 CV scans. Apparently, the results indicated 
that both extracts showed significant increases in power amplification 
after CV scan (Table 4). In terms of the increased ratio from the before 
CV to after CV, the increase percent ratio in the water extract was shown 
to be larger. It can thus be suggested that substances in the extract 
change, wherein new substance(s) were formed to provide electro-
chemically favorable stimulation to bioelectricity generation of She-
wanella. Aware that this stimulation should augment the rate of power 
generation, but total contents of bioenergy to be released still remained 
identical. Electrochemical “catalysts” would not involve in reactions and 
total amount will be fixed before and after reactions. However, as 
Table 4 and Fig. 5 revealed, the power generation amplification due to 
water extraction was obviously not ideal. The study by Huang et al. [6] 
pointed out that the water extraction substances had inhibited or 
considerable biotoxicity potency; thus, ca. 26% production of electricity 
was reduced.  However, after CV scanning, it was found to significantly 
reduce biotoxicity and effectively increase (31%) the electricity pro-
duction. Due to considerable reduction of electron transfer resistance, it 
is suspected that the biotoxicity potency of the extract after CV 

Fig. 4. Power density curves of Shewanella sp. WLP72 double chamber microbial fuel cell supplemented with (a) water extract; (b) 60% ethanol extract.  

Table 3 
Comparison of maximal power-generating capabilities of Shewanella sp.WLP72 
inoculated double chamber microbial fuel cells (1000 mg / L).  

EtOH 
Concentration 

Max blank 
(mWm− 2) 

Max sample 
(mWm− 2) 

Amplification ratio of 
PDmax 

95% 10.88 12.63 1.16 
80% 10.56 12.88 1.22 
70% 9.87 13.65 1.38 
60% 10.18 17.96 1.76 
50% 9.48 15.76 1.66 
40% 13.27 14.83 1.12 
30% 10.04 11.21 1.12 
20% 10.85 11.24 1.04 
10% 10.18 10.21 1.00 
0% 13.14 9.71 0.74 

*Max Blank: MFCs without supplement of H. cordata extract. 
*Max Sample: MFCs supplemented with H. cordata extract. 
*Ratio = Max Sample/ Max Blank. 

Table 4 
Comparison of power density curves of dual-tank microbial fuel cells inoculated 
with Shewanella sp. WLP72 in 60% ethanol and 0% ethanol extract of H. cordata 
before and after CV (1000 mg/L).  

Supplement PD ratio Increase ratio  

Before CV After CV  

60% 1.76 2.08 15% 
0% 0.74 1.07 31% 

* Ratio = Max Sample / Max Blank. 
* Increase ratio = 1 - (Before CV / After CV). 
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treatment was attenuated or the inhibitory substances were significantly 
reduced. Thus, this would increase bioelectric power density in MFCs. 
That is, the H. cordata residues after CV treatment could still be used as a 
sustainable synergic stimulus with efficacy for biomass energy extrac-
tion [6]. 

As Tsai et al. [5] pointed out, if the PD can be amplified more than 
2-fold, herbal extracts may possess antiviral activity, especially for herbs 
containing ortho-positioned dihydroxyl compounds, flavonoids which 
are crucial compositions to stimulate conversion of bioenergy into 
electric energy. In fact, glucose can be effectively converted into elec-
trical energy and the continuous existence of sugar in the extract is 
beneficial to “electrochemical catalysis” and/or electro-oxidation of 
flavonoids [46,47]. To sum up, H. cordata ethanol extraction after CV 
scanning could accumulate more amounts of effective ESs with low 
toxicity to augment power generation efficiency. Supplement of 
CV-treated H. cordata extract to MFCs would significantkly enhance 
power-generating capacity of MFCs, as CV process altered the substance 
to be more favorable to bioelectricity stimulation. Of course, chemical 
compositions before and after CV, LC/MS was thus applied to charac-
terize the compounds present as shown afterwards. 

3.4. DPPH free radical scavenging analysis 

As antioxidants, ESs were also electrochemically active species, free 

radical scavenging ability and electron-shuttling activity of polyphenol- 
rich plant species (e.g., herbs and Camellia tea extracts) are likely to be 
electrochemically related. That is, the DPPH free radical scavenging 
activity should be equally related to the electrochemically redox- 
mediated capacity of ES production in MFCs. The DPPH free radicals 
scavenging is commonly used to exhibit the potentials of antioxidants. 
As shown in Fig. 6, the antioxidant activity ranking of H. cordata at 
different ethanol extraction concentrations based on DPPH free radical 
scavenging ability is shown. However, to clarify the elucidation of the 
figure; effective concentration (ECx) using the Probit model conversion 
equation was adopted for quantitative comparison. 

Y = A + BlogZ (3.1) 

Y is the unit of Probit, A and B are the intercept and slope of the dose- 
response curve, Z is the dose concentration of DPPH free radical scav-
enger (unit: g/L) and 

P = 0.5 [1 + erf [(Y − 5) √2]] (3.2) 

P is the scavenging rate (unit: %) of the test substance to DPPH free 
radicals, and erf is the error function. 

After successive calculations, the DPPH free radical scavenging and 
antioxidant capacity of the different ethanol extract using ECx for 
comparative evaluation of various test samples with different antioxi-
dant potencies (Table 5). EC0 and EC100 are the maximum concentration 
with detectable antioxidant response and the lowest concentration with 
100% response, respectively. Based on dose-response assessments of 
EC0, EC20, and EC50, the antioxidant capacity of the test substance can be 
estimated. Specifically, EC50 is the concentration that exhibits 50% of 
standard activity relative to the reference DPPH free radical scavenging 
rate such that the antioxidant activity induced between concentrations 
of test substances between threshold (EC0) and maximum (EC100) [6,24, 
48]. From Table 5, the 60% ethanol extract, the extract after cyclic 
voltammetry scan is still larger than the unscanned extract, the EC50 
ranking as follows: 60% ethanol extract after CV > 60% stock solution. 

Fig. 5. The power-generating curve of the dual-chamber microbial fuel cell inoculated with Shewanella sp. WLP72, filled with (a) H. cordata 60% ethanol and 60% 
ethanol extract after CV (b) H. cordata 0% ethanol and 0% ethanol extract after CV treatment. 

Fig. 6. Comparison of dose-response curve comparison of DPPH radical scav-
enging activity of H. cordata in 60% ethanol and water extraction before and 
after cyclic voltammetry scanning. 

Table 5 
Comparison of effective concentrations at 50% response (EC50) of the dose- 
response curve of DPPH radical scavenging activity of H. cordata in 60% 
ethanol and water extraction before and after CV (unit: g/L).    

0% 60% 

EC50 before CV 11.775 6.452   
(y = 1.2959x + 3.612) (y = 1.1501x +4.0687)  

after CV 11.913 3.907  
(y = 1.3532x +3.5439) (y = 1.3275x +4.2142) 

*Supplement is tested with the extracts of H. cordata leaves. 
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Table 6 
List of LC/MS results inferred components, and structural tags encircling ortho-dihydroxyl substituents [8–10].  

Compound Molecular Weight 
(g/mol) 

Chemical Structure 0% 
EtOH 

0% EtOH 
(after CV) 

60% 
EtOH 

60% EtOH 
(after CV) 

1 4-Vinylcatechol 136.148 ++ - + - 

2 Caffeic acid 180.16 ++ - ++ +

3 Quinic acid 192.17 ++++ + ++++ ++++

4 Ferulic acid 194 ++ - - - 

5 Quercetin 302.23 + + + +

6 Chlorogenic acid (isomer: Neochlorogenic acid) 354.3 ++ + ++++ ++++

7 Afzelin 432.38 - + - +

8 Quercitrin (isomer: Quercetin 3-O-alpha- 
rhamnoside) 

448.38 ++ ++++ +++ +++

9 Hyperoside (isomer: Hyperin, Isoquercitrin, 
quercetin-3-O-galactoside) 

464.38 + ++ ++ ++

10 Rutin 610.5 - - + +
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On the other hand, for the pure water extraction, the extract after cyclic 
voltammetry scanning is greater than the unscanned extract, and the 
EC50 ranking as follows: water extract before CV ≈ water extract after 
CV (Table 5). These all suggested that CV treatment could be a novel 
alternative to process herbal medicine to be less toxic and more effica-
cious for disease treatment. 

Moreover, Table 5 also clearly exhibited that CV treatment upon 
60% ethanol extract could increase antioxidant activity ca. 106.452- 

3.907≈ 350-fold, clearly present the promising feasibility to use such a 
method to process H. cordata extract. The effect of water polarity on 
ethanol and contributing effect to the antioxidant capacity can be 
observed by comparing the pure water and ethanol extracts. The relative 
position of the dose-response curve was used to assess the DPPH radical 
scavenging ability of the two extracts (Fig. 6). Since the results of the 
previous analysis (Table 3) are very close to 50–70% ethanol extraction 
results, the concentration of the mid value was selected. The ranking of 
EC50 also showed: 60% ethanol extraction > 0% water extraction; thus, 
the 60% ethanol extraction was chosen for relative comparison. From 
Fig. 6, the 60% ethanol extract arises as the significant curve on the 
upper left side of the figure suggests a higher scavenging activity 
(Fig. 6). Compared with the 60% stock solution, EC50 is increased, but 
the EC50 of the water extraction had a slight change in DPPH, similar to 
prior results in TPC. The scavenging rate of the 60% ethanol extract after 
CV is much higher than that of the water extract. The results also suggest 
that the presence of water is helpful for the extraction of polyphenols 
[49]. It can thus be suggested that the polyphenol content was indeed 
directly related to the free radical scavenging activity. 

3.5. Analysis of LC-MS/MS Results 

3.5.1. Fundamental analysis 
Ethanol, a polar solvent, can efficiently extract flavonoids (e.g., their 

glycosides, catechols, and tannins) from raw herbal materials. Extrac-
tion efficiency can be further enhanced by mixing solvents to further 
improve the solubility of these compounds for a limited range of com-
ponents [50]. Some chemicals with electrochemical functional groups 
(e.g., -OH and -NH substituents) can act as electron shuttles through the 
proposed interconversion pathway. As a result of the acidic nature of the 
hydroxyl group (-OH) of phenols, acidic hydrogen can be abstracted to 
obtain phenate anions which will then be efficiently oxidized to form 
active radicals [51]. These radical formation steps are key in triggering 
redox mediators to stimulate the electron transfer and bioelectricity 
generation. 

Chemical composition of H. cordata contains abundant polyphenols, 
fatty acids, flavonoids, and alkaloids. LC/MS result analysis chart is used 
to distinguish the differences in the substances contained in the extract. 
Through Electrospray Ionization (ESI) atomization, the sample will 
generate positively or negatively charged ions and the analysis in this 
study was completed in a negative ion environment (Figs. 11 and 12) 
[9–11,43] (Table 6). The peaks marked with Arabic numerals on the 
graph represent different components and the strength of the signal is 
based on the amount of "+." 

3.5.2. The effect of structural formula on redox ability 
Both polyphenolics and flavonoids in herbal extracts are often 

considered to possess good electrochemical properties. According to 
literature, dihydroxyl substituents-bearing chemicals manifesting ES- 
related structures can become ortho- and ortho-phthaloquinones after 
continuous CV scanning [21,52]. The electrochemical properties of 
flavonoids, similar to their redox behavior, are mainly driven by the 
stability of the phenoxyl radicals through electricity generation. As a 
matter of fact, these all are associated to electron-transporting capabil-
ities. The ability of electron transfer is also a keystone parameter to 
influence the capability of antioxidants to reduce oxidants. Therefore, 
the structural relationship is of great importance, especially the number 
and relative position of the hydroxyl substituents on the aromatic ring. 
The electrical activity is related to the A and B ring and phenolic group, 
which directly determines the electrochemical properties. Choosing 
quercetin as an example, catechol is present in the B ring (Fig. 7). For the 
catechol group, studies have shown that quercetin produces 3 oxidation 
peaks after cyclic voltammetry, meaning that there are three places 
where quinones will form. However, there is only one reduction peak 
thus only 2 peaks are leading to oxidation where there are only two 
places where quinones will form. Hence, such structures would not be 
stable, resulting in the presence of lone electrons that generate active 
free radicals [37,38]. 

At electrochemically favorable conditions, phenolic acids and fla-
vonoids could be oxidized to form quinones due to the modifications in 
their structures. Many studies mentioned such substances as antioxi-
dants (e.g., phenolic acids and flavonoids). However, their nature of 
electrochemical reversibility of ESs was rare to be disclosed. In fact, the 
transformation of oxidants in the structure is by releasing/binding 
electrons/protons to form quinones, and then successive oxidation and/ 
or reduction reversibly was taken place toward to their original state 

*Phenolic acids: (1) 4-Vinylcatechol, (2) Caffeic acid, (4) Ferulic acid, (6) Chlorogenic acid (isomer: Neochlorogenic acid). 
*flavonoids: (5) Quercetin, (7) afzelin, (8) Quercitrin (isomer: Quercetin 3-O-alpha-rhamnoside), (9) Hyperoside (isomer: Hyperin, Isoquercitrinquercetin-3-O- 
galactoside), (10) Rutin. 
*non-phenolic substances: (3) Quinic acid. 
*note. 
<-> defined as signal of relative abundance is lower than 5. 
<+> defined as signal of relative abundance is lower than 25 and bigger than 5. 
<++> defined as signal of relative abundance is lower than 50 and bigger than 25 <+++> defined as signal of relative abundance is lower than 75and bigger than 50. 
<++++> defined as signal of relative abundance is higher than 75. 
ES-like structural features are encircled. 

Fig. 7. The Structural formula of flavonoid.  

Fig. 8. This form is the process of the redox reaction of phenolic acids.  
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(Fig. 8). Using quercetin as an example, due to the electron-withdrawing 
effect of the C ring, the nucleophile leads to the oxidation of -OH on the 
A ring. That is, this oxidation occurs at a higher potential, and the 
presence of water and/or ethanol in the solution (i.e., specific electro-
chemical conditions) significantly affects the oxidation mechanism and 
antioxidant activity [47]. Water can act as a catalyst in the reaction due 
to the formation of quinone in the ortho-position [37,53]. The proper 
combination of protonation and reduction sequence of polyphenols may 
be the key mechanism to control the action of polyphenolic antioxidants 
as ES. As the literature indicated, at the appropriate pH value, more 
phenols may be unstable oxidation or reduction, which can result not 
only in the increase of the antioxidant activity but also in the increase of 
ES capability [24]. That is, environmental manipulation directly affects 
the characteristics of electrochemical reversibility of ESs and/or irre-
versibility of antioxidants. 

The antioxidant or anti-radical activity is inversely proportional to 
its oxidation potential and the process of the redox reaction of phenolic 
acids (Table 6). According to Teixeira et al. [54], two phenols (e.g., 
caffeic acid, chlorogenic acid, and catechin alkaloid derivatives) showed 
high free radical scavenging activity and low oxidation potential. Indi-
vidual phenols are less reactive and have higher reaction potentials but 
less than those of methoxy-substituted (e.g., ferulic acid). The electro-
chemical potential values depend on the redox behavior of the com-
pounds, reflecting their ability to lose electrons. In general, the cyclic 
voltametric results of phenolic acid derivatives will be similar to those 
observed for the mother compound [55]. 

As shown in Table 6, the proposed phenolic acids are mostly reduced 
after serial cyclic voltammetry scans. As Makhotkina and Kilmartin [38] 
pointed out, the redox characteristics would be achieved through the 
transfer of electrons (e.g., radical and adsorption). After cyclic voltam-
metry, the phenolic acids had indeed become o-phthaloquinone. Since 
there is no excess hydroxyl group to cut them off, resulting in polymer 
formation. This polymer will form a thin film on the carbon shock (such 
that the electrode needs to be polished), possibly causing the area of the 
CV cycle (or electrochemical potential) to become gradually smaller. 
Most studies have shown that electron transfer processes of flavonoids 
are reversible and rarely irreversible [56,57]. According to studies, 
flavonoids would also decrease but from the previous analysis, the fla-
vonoids increased and the substances in the mixed solution reacted with 
each other [52,58]. Some related chemical reactions cannot be directly 
and wholly expressed and can only be speculated. The extracts with 
flavonoid glycosides will promote the production of more flavonoids 
after CV scanning [47]. This speculation is based on the fact that the 
potential generated after CV scanning occurs at a larger value. The 
appearance of glycosylated flavonoids in the form of natural flavonoids 
makes these structures more stable and less prone to change [59]. These 
all reflected that whether the nature of flavonoids is either ESs or anti-
oxidants would be strongly associated to the environment to be present. 

3.5.3. Substance differences before and after CV 
Introduction of polyphenolic-rich samples provided higher elec-

tricity production because of additional exogenous electron shuttles. 
Also, Shewanella has effectively utilized the converted nutrient sources 
because resulting nutrients in the medium have fewer carbon atoms, 
which is a conductive environment for strictly anaerobic microorgan-
isms. This was supported after observing an increase percent ratio in the 
ethanol-water larger than water extract from the before CV to after CV. 
This suggests that new substance(s) were formed to provide electro-
chemically favorable stimulation to bioelectricity generation of Shewa-
nella. After the substances in the water extract were subjected to CV, the 
low molecular weight substances were significantly reduced wherein 
quinic acid was the most reduced. However, aware that quinic acid is not 
a phenolic acid. It is presented as relative content; hence, it will be 
compared with substances with relatively large content. Flavonoids and 
their glycosides are very stable in the extract. Previously, the water 
extract was tested using the electric power density. After CV, it also 

increased by 30% compared with before CV and it was also confirmed 
that glycosides stably existed [60]. Through the scanning of different CV 
cycles from previous studies, the potential of flavonoid glycosides is 
higher than that of flavonoids and phenolic acids [38,55,61,62]. The 
second oxidation peak of water extraction appeared at a higher poten-
tial, but the changes were minimal. It can be understood that this 
oxidation peak may be glycoside but the amount that appeared after the 
CV scan was not noticeable. That is, the formed oxidation peak is less 
significant. It is known from the literature that the phenolic acids 
(Table 6), will indeed become o-phthaloquinones after cyclic voltam-
metry. It has been previously shown that the continuous oxidation of 
phenolic acids resulting in the formation of polymers on the glassy 
carbon electrode is an irreversible phenomenon [38,56]. This result 
indicated that phenolic acids are not electrochemically suitable as ES. In 
contrast, not all antioxidants can be used as ES and only chemical sub-
stances that can be completely retained in the solution can be used as ES 
[38,63]. 

After the substances in the ethanol extraction had undergone CV, 
from the results of the quinic acid and phenolic acids in the ethanol and 
water extracts, the signal attenuation was smaller, and the substances 
contained before and after CV significantly changed. However, it is not 
large and is found in CV profiles of ethanol extracts. Notably, there are 
two oxidation peaks in the first 10 cycles, where the oxidation peak 
gradually disappears in the 10~50 cycles, and finally, the second 
oxidation peak appears again in the 50~100 cycles. However, this also 
means that the composition of the polyphenols in the mixture was 
chemically transformed. Although the signal of phenolic acids minutely 
changed, it was presumed that more flavonoids and glycosides appeared 
after CV. This presumption is known from the CV figure, where the 
potential of flavonoid glycosides will be higher than that of flavonoids 
and phenolic acids, and the potential of the second oxidation peak is 
indeed gradually attenuating [38,61]. Flavonoids have been confirmed 
in several studies as good ESs and a recent study showed that the pres-
ence of flavonoid glycosides can accelerate the oxidation of phenolic 
substances to form quinones which can generate nucleophilic resonance 
through chemical structures [5,20,38,47]. Quinones formed via 

Fig. 9. Decarboxylation of caffeic acid to produce highly reactive 4- 
vinylcatechol. 

Fig. 10. Esterification of caffeic acid and quinic acid to produce chloro-
genic acid. 
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flavonoids oxidation can be effectively reduced [58]. The increase of 
flavonoids and glycosides in the extracts after CV resulted in an increase 
in the bioactivity of H. cordata extract and a decrease in the inhibitory 
substances. In the analysis of electric power density, the extract after CV 
scanning as an additive was higher than before CV scanning. It is 
reasonable to infer that most of the increased polyphenols are very likely 
flavonoids and their glycosides [60] 

In plants, caffeic acid can be covalently linked to cell wall poly-
saccharides and exists mainly with quinic acid or esterified forms of 
glucose such as chlorogenic acid (5-O-caffeoylquinic acid) and its iso-
mers. While chlorogenic acid can be present in various forms, depending 
on the position of the ester bond, several isomeric forms will be found 
such as neochlorogenic acid (3-O-caffeoylquinic acid) and crypto-
chlorogenic acid (4-O- caffeoylquinic acid) [11,64]. The esterification of 

caffeic acid and quinic acid to produce chlorogenic acid will release 
caffeic acid through hydrolysis and caffeic acid will produce highly 
reactive 4-vinyl catechol after decarboxylation (Fig. 9). The simulta-
neous thermal elimination of the acid may directly yield 4-vinylcate-
chol, and the caffeic acid may also undergo hydroxylation to form 
chlorogenic acid (Fig. 10) [19,38]. 

3.5.4. The difference between water extraction and ethanol extraction 
Most of aforementioned results indicated that ethanol extract 

exhibited higher antioxidant activity and polyphenol content. Never-
theless, the AUC of the water extract was larger, according to the CV 
results. It was previously indicated that the polymer formed by the redox 
of phenolic acids possibly caused the clogging of the glassy carbon 
electrode [37,38]. Therefore, the amount of polymer likely indicates the 

Fig. 11. LC/MS chromatogram of H. cordata pure water extract (a) Without CV scan, (b) After 100 cycles of CV scan, * Molecular weights indicated by numbers refer 
to Table 6. 
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clogging degree of phenolic acids. Specifically, the larger the AUC, the 
lower the clogging degree. This results in the total polyphenol content in 
ethanol extract higher than that in water extract. 

The content of rutin is only found in the ethanol extract. It is 
incompatible with water. According to Peng et al. [65], it can be seen 
that the solubility of rutin in pure water and ethanol aqueous solution 
varies as the crystal structure changes. According to the study, rutin will 
undergo two oxidations and one reduction. The first oxidation will form 
quinone and there will be a corresponding reduction peak. This reaction 
will be reversible. In the second oxidation, the reaction occurred at a 
higher potential, and no corresponding reduction peak appeared, indi-
cating the electrochemical irreversibility of oxidation process. Overall, 
the quinone species will be reduced due to the reversibility of the first 
oxidation which fully shows that the rutin undergoes reduction after CV 

[58]. 
CV and MFC analysis results differed from those of TPC, DPPH, and 

PD. There are several possible reasons for the inconsistency between the 
results of CV and PD, TPC, and DPPH as follows: (1) Not all substances 
that can undergo redox are antioxidants and the antioxidant properties 
of the substances need to be understood by using the level of oxidation 
potential; (2) The quinone formed by oxidation cannot be restored 
smoothly, hence the reduction peak decreases over repeated exposure; 
and (3) H. cordata extract may have biotoxicity potency on electroactive 
bacteria; thereby, affecting the bioelectricity characteristics in MFCs to 
be repressed. As LC/MS results indicated, the flavonoid glycosides of 
H. cordata extract increased after CV treatment; hence, its antioxidant 
activity also increased as shown in Table 6, Fig. 11, and Fig. 12 [62]. 
Moreover, electrochemical activity was also found to increase. It is 

Fig. 12. LC/MS chromatogram of H. cordata 60% ethanol extract (a) Without CV scan, (b) After 100 cycles of CV scan, * Molecular weights indicated by numbers 
refer to Table 6. 
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possible to hypothesize that the intermediates and derived products of 
electrochemical conversion can still effectively express redox activity 
and be used as ESs. Consequently, it is also found that CV scanning can 
effectively reduce toxicity potency or increase the electrochemical ac-
tivity of H. cordata extracts. Lastly, the findings suggest that flavonoid 
glycosides are good antioxidants and also a class of ES. 

3.6. Molecular docking Studies 

3.6.1. Molecular docking analysis 
For the structural validation of the processed protein, all six proteins 

Table 7 
Binding affinity of quercitrin compared with the positive controls.  

Protein code Binding Energy (kcal/mol) Reference(s)  

Quercitrin Control  

7BTF* -6.6 -6.1 (Remdesivir) [68,69] 
1R42 -1.4 -4.6 (MLN-4760) [70,71] 

aQuercitrin was observed to have promising binding affinity on this protein. 

Fig. 13. Binding interaction of quercitrin and the proteins (SARS-CoV-2 RdRp): Hydrophobic (A, D, G, J) and H-bond property (B, E, H, K) of binding pocket, 2-D.  

Fig. 14. Pharmacophore descriptor of quercitrin.  
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meet the criteria set for each algorithm used for protein model valida-
tion. Among all proteins, quercitrin does exhibit a promising binding 
affinity (as compared to the control against SARS-CoV-2 RdRp (7BTF) 
and ACE-2 receptor (1R42) (Table 7). The properties (e.g., hydrophobic 
and hydrophilic) of the binding pocket and amino acid residues inter-
acting with the ligand are shown in Fig. 13. Other than van der Waals 
forces, hydrogen bonding was the predominating non-bonding interac-
tion observed in the ligand association. By looking at the pharmaco-
phore descriptor of the ligand, it was not surprising to have such an 
observation (Fig. 14). The hydroxyl group present in the quercitrin is 
readily available to act as a hydrogen bonding acceptor or donor during 
interaction [66]. Other than hydrogen bonding, aromatic rings of the 
quercitrin do also participate in protein-ligand interaction by Pi-Alkyl, 
Pi-Anion, Pi-Sigma, Pi donor hydrogen bond, Pi-Pi Stacked [67]. 
Carbon-hydrogen bonding (from aromatic to amino acid residues) was 
also observed during the binding of quercitrin to SARS-CoV-2 RdRp. 
Protein-ligand complexes with promising binding energy were subjected 
to molecular dynamics simulation to further study the possible changes 
in the protein conformational and flexibility. 

3.6.2. Molecular dynamics analysis 
A 10 ns molecular dynamics simulation was performed with the 

complexes and the results are shown in Fig. 15. The changes of the 
apoprotein (Initial:Yellow; 10 ns: Sky Blue) and bounded protein 
(Initial: Yellow, 10 ns: Violet) were compared in Fig. 15C (SARS-CoV-2 
RdRp). The result is the average RMSF value of bounded and unbounded 
proteins (Table 8). Upon binding of quercitrin, the dengue viral entry 
protein became stiffer as compared to the apoprotein. While the other 
three proteins became more flexible than the apoprotein. Such obser-
vation may be caused by the conformation of the ligand for protein 
binding that can affect the types of non-bonding interaction partici-
pating in the action [72]. Overall, the changes in the flexibility of the 
bounded were insignificant by looking at the RMSF graph and t-test 
(using GraphPad) analysis. Therefore, it is worth conducting further 
studies on quercitrin as a broad-range antiviral drug. Specifically, 
quercitrin is a glycoside derivative of flavonoids, and quercitrin shows a 
promising binding affinity over several viral proteins in this study. Such 
findings, therefore, support the connections of electron shuttling capa-
bility with antiviral activity. Binding of the SARS-CoV-2 spike protein to 
the angiotensin converting enzyme 2 (ACE2) promotes cellular entry. Its 
peptidase activity is critical for the virion to gain access into the host 
cytosol. Agricultural herbs with good bioelectricity-generating perfor-
mance in MFCs have implicated great importance as potential anti-viral 
agents. This is because these compounds are “reversible catalysts” that 
effectively mediate in redox reactions that may provide persistent effi-
cacy as antivirals once explored [12,73]. 

4. Conclusion 

The leaves of H. cordata are analyzed and compared using CV, TPC, 
DPPH, and MFCs. The results of the electricity production evaluation 
showed that the extract of the leaves is indeed a potential source of 
electron shuttles. The results of TPC, DPPH, and PD are consistent, 
wherein the results of TPC and DPPH indicate that polyphenols from H. 
cordata extracts are also key substances with electron-shuttling poten-
tial. However, consequent CV analysis reveals that flavonoid substances 
were more electrochemically stable after continuous redox reactions. 
Therefore, this study concluded that flavonoids would exhibit more 
promising electron shuttling characteristics than polyphenols. From the 
LC/MS and structural analysis of CV scanned extracts, the oxidation 
potential of flavonoid glycosides was greater than that of flavonoids and 
phenolic acids as a result of the changes in the extract. To compare 
solvent extraction, 60% ethanol extracts exhibited the highest flavonoid 
content, which was also revealed to increase the efficiency of 
bioelectricity generation. Lastly, molecular docking analysis reveals 
quercetin as a potential antiviral drug for COVID-19 and a foundational 
link between antiviral with electron shuttling capability. 
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