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ABSTRACT
The search for alternative naturally occurring 

antimicrobial agents will always continue, 
especially when emerging diseases like COVID-19 
provide an urgency to identify and develop safe 
and effective ways to prevent or treat these 
infections. The purpose of this study was to 
evaluate the potential antimicrobial activity as 
well as antioxidant properties of commercial 
samples from four traditional medicinal plants 
used in Central America: Theobroma cacao, 
Bourreria huanita, Eriobotrya japonica, and 
Elettaria cardamomum. Ethanolic extracts were 
prepared from commercial products derived 
from the seeds or flowers of these plants. Total 
phenolics and antioxidant activity were assessed 
using commercial kits. The cytotoxicity and 
antiviral activity against severe acute respiratory 
syndrome coronavirus type 2 (SARS-CoV-2) were 

evaluated using the XTT colorimetric assay and a 
SARS-CoV-2 delta pseudoviral model. The half-
maximal cytotoxic concentration (CC50) and half-
maximal effective concentration (EC50) were used 
to calculate the therapeutic index (TI). 
Additionally, the antibacterial activity against 
Escherichia coli and Staphylococcus epidermidis 
was tested using a spectrophotometric method. 
The extracts showed total phenolics in the range 
of 0.06 to 1.85 nM/µL catechin equivalents, with 
T. cacao bean extract showing the highest content. 
The antioxidant activity showed values between 
0.02 and 0.44 mM Trolox equivalents. T. cacao 
bean extract showed the highest antioxidant 
activity. Most plant extracts showed zero to 
moderate selective antiviral activity; however, 
one T. cacao beans sample showed excellent 
antiviral activity against SARS-CoV-2 with a TI 
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value of 30.3, and one sample of E. japonica 
showed selective antiviral activity with a TI value 
of 18.7. Significant inhibition of E. coli and S. 
epidermidis by an E. japonica ethanolic extract 
(p<0.001) was observed using a 
spectrophotometric method that monitors 
bacterial growth over time. Additionally, 
ethanolic extracts of E. cardamomum showed 
significant inhibition of S. epidermidis growth 
(p<0.001). The results warrant further 
investigation of the antimicrobial and antioxidant 
properties of these plant extracts. 

INTRODUCTION 

Central America contains a rich history of 
medicinal plants as essential sources of medical 
treatments. Most of the traditional knowledge comes 
from Mayan medicine, and the Mayan rainforest 
provides many plants used for healing purposes 
(Cáceres, 1996). The Mayan civilization flourished 
from A.D. 250 to A.D. 900 and had about 200,000 
square miles of land, including areas in southern 
Mexico, Guatemala, western Honduras, El Salvador, 
and northern Belize (Fusi, 2015). In the Q'eqchi, a 
Mayan community of the eastern lowlands, the 
native flora was used to treat different illnesses as 
part of their traditional medical experience and 
spiritual beliefs (Michel et al., 2007).  

The health benefits of these plants have been 
associated with the accumulation of secondary 
metabolites such as phenolics. Secondary 
metabolites are often synthesized in the chloroplast 
or cytoplasm via a phenylpropanoid pathway (Biala 
and Jasiński, 2018; Santiago et al., 2000). The 
synthesis of these metabolites can be affected by 
pathogens, drought, and other external factors. 
Phenolic compounds are widely distributed in plants 
(Bravo, 1998) and provide ecological advantages to 
those plants, for example as protection against 
ultraviolet radiation, pathogens, and parasites 
(Pandley and Rizvi, 2009; Dai and Mumper, 2010). 
Phenolic compounds are involved in plant defense 
mechanisms to protect against herbivores, and in 
different plant growth processes. The concentration 
of phenolics can vary due to seasonal changes, 
growth, and developmental processes (Bhattacharya 

et al., 2010).  
Free radicals, or reactive oxygen species (ROS), 

are naturally produced during normal physiological 
reactions that are part of cell metabolism. Because of 
the unpaired electrons, they are very unstable and 
react to either accept or donate electrons to achieve a 
more stable state. The ROS can attack cellular 
components and lead to deficient antioxidant defense 
and oxidative stress (Betteridge, 2000). Free radicals 
are associated with many chronic degenerative 
diseases, aging, and pathologies including cancer, 
central nervous system disorders, diabetes, 
atherosclerosis, rheumatoid arthritis, and liver 
damage (Aruoma, 1998; Finkel and Holbrook, 2000; 
Halliwell, 2012). Plants have many antioxidant 
molecules that might play a central role in preventing 
oxidative stress (Miller et al., 1997; Rice-Evans et 
al., 2000; Proteggente et al., 2002; Huang et al., 
2005).  

Phenols contain hydroxyl groups on their 
aromatic ring, making them suitable electron donors 
and contributing to their antioxidant activity. Many 
studies have shown that phenols inhibit free radicals, 
prevent oxidative cellular damage, and participate in 
peroxide decomposition, metal inactivation, and 
oxygen scavenging in biological systems (Rice-
Evans et al., 1996, 1997; Zhang et al., 2018; Aryal et 
al., 2019). In addition, they have also been shown to 
have antimicrobial, anti-inflammatory, and 
antiallergic properties (Lanfer-Marquez et al., 2005; 
Stalikas et al., 2007; Santos-Buelga et al., 2012; 
Saowapa et al., 2015).  

This study focuses on commercial samples from 
four traditional plants used in Central America: 
Theobroma cacao, Eriobotrya japonica, Bourreria 
huanita, and Elettaria cardamomum. While T. cacao 
is the only native to Central America, the rest of the 
plants have been introduced and naturalized into this 
region and are now widely used in traditional 
medicine or extensively cultivated in the area (Alam 
et al., 2021; Cruz‐Castillo et al. 2005; Torres, 2021).  
Theobroma cacao 

Theobroma cacao (Fam. Malvaceae) has a rich 
and expansive history. Theobroma's Greek 
translation means "food of the gods" (Baharum et al., 
2016). In Mayan mythology, cacao was given to 
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humans by the hero Hunahpú (Fusi, 2015). As Elis 
Fusi stated in the book The Hidden Maya Forest, the 
Aztecs, like the Mayans, believed that the cacao bean 
had divine properties (Fusi, 2015). Early reports of 
cacao consumption date as early as 460 A.D. (Katz 
et al., 2011). The earliest mention of cacao being 
pronounced as "kakawa" was from the ancient 
Olmecs (Powis et al., 2011), the earliest civilization 
formed in Mesoamerica. However, recent genomic 
research indicates that cacao was initially used and 
domesticated in the upper Amazon tributary regions 
(Zarrillo et al., 2018). The study identified that cacao 
domestication in South America happened about 
1,500 years before these tribes migrated to Central 
America and Mesoamerica. At one point in history, 
cacao beans (Figure 1) were also used for currency 
(Nelson, 2017), for trade, for ritualistic practices, and 
for large feasts among Mayans (Zarrillo et al., 
2018) and among Aztec elites (Steinberg, 2002).  

Much of what is known about the beneficial 
properties of cacao has been passed down from 

generation to generation through oral history that can 
be found imprinted in jade, obsidian, stonework, and 
pottery (Fusi, 2015). In Guatemala, the seed shells 
(Figure 1) are used in tea and help to decrease blood 
pressure. Furthermore, it has been proposed that 
cacao beans can protect nerves from injury and 
inflammation, protect the skin from oxidative 
damage caused by the sun's UV rays, improve 
cognitive function and mood, improve platelet 
function, and reduce blood clots (Rojo-Poveda et al., 
2020).  

The cacao shell is also rich in protein, dietary 
fiber, ash, and other valuable bioactive compounds 
such as methylxanthines and phenolics (Katz et al., 
2011). Cacao's phenolic compounds have 
antioxidant properties that stop the further oxidation 
of low-density lipoprotein (LDL) cholesterol 
(Andújar et al., 2012). The oxidation of LDL has 
been noted to cause an inflammatory response that 
can have harmful effects in the body (Tekin et al., 
2013).  

 
 
 

 
Figure 1. From a flower to the valuable seed of Theobroma cacao. The figure shows the different stages to obtain, in the end, 
the cacao seeds and tea. A) Cacao flower, B) Cacao fruit, C) Opened cacao fruit, D) Roasted cacao seeds, E) Cacao seeds shell. 
Photos taken by José Fernández Romero. 
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Eriobotrya japonica   

Eriobotrya japonica (Fam. Rosaceae) is known 
as the loquat tea (Figure 2). The fruits, leaves, and 
flowers are widely used in Guatemala and many 
other countries. The earliest domestication of loquat 
was during the Han Dynasty in China 2000 years ago 
(Wang, 2021) and it was later cultivated in Japan 
(Lin et al., 1999). It has also been used to treat 
coughs, chronic bronchitis, inflammation, diabetes, 
and cancer (Jian et al., 2020). The seeds are used to 
prepare alcoholic beverages, and in Japanese 
tradition it is believed that this type of drink is good 
for the health. (Koba et al., 2007). Treatments with 

seed extracts have decreased the production of 
immunoglobulin E in rats exposed to 
dinitrofluorobenzene, thus indicating anti-
inflammatory properties (Sun et al., 2010).  

Many beneficial properties of loquat come from 
the high concentrations of phenolics, triterpenes, 
carotenoids, flavonoids, and vitamins found in 
different parts of the plant (Wang, 2003; Zhou et al., 
2011; Pareek et al.,2014; Liu et al., 2016). Ethanolic 
extracts of loquat peel and seeds were shown to 
decrease low-density lipoprotein (LDL) oxidation in 
vitro (Koba et al., 2007), and have significant 
antimicrobial and antioxidant activities (Rashed and 
Butnariu, 2014). 

  

Figure 2. The fruit of Eriobotrya japonica is used in traditional medicine. Photo taken by José Fernández Romero. 

 

Bourreria huanita 

Bourreria huanita (Fam. Boraginaceae) is also 
known as “Flor del árbol de Esquisuchil” and “The 
tree of Hermano Pedro” (Hellmuth, 2013) (Figure 3). 
It was first introduced in La Antigua, Guatemala in 
1657 by Saint Hermano Pedro in the garden Los 
Laureles, from El Calvario, Colombia (Torres, 
2021). Natives believed that the dried flowers have 
miraculous properties. Locals used the dried flowers 
in tea, and it is believed that the Aztecs used the 

flowers for flavoring, and that the Mayans used them 
as a spice (Mayan-ethnobotany, 2022). Traditionally 
B. huanita has been used to treat respiratory ailments, 
gastrointestinal infections, burns, and heart diseases 
(Cruz et al., 2008). In Guatemala, it is also used as a 
sedative or relaxant (Beteta and Haydee, 2006). 
Ethanolic extracts of B. huanita have been reported 
to exhibit antimicrobial activity and to inhibit growth 
of Escherichia coli (Cruz et al., 2008). The extracts 
contain alkaloids, flavonoids, tannins, and volatile 
oils (Beteta and Haydee, 2006). 
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Figure 3. The Bourreria huanita tree with its flowers. The dried flowers are collected to prepare an herbal tea. Photo taken by 
José Fernández Romero. 
 

Elettaria cardamomum 

Elettaria cardamomum (Fam. Zingiberaceae), 
also known as the true cardamon, has been cultivated 
and grown for a long time in Sri Lanka, India, Nepal, 
Indonesia, and Tanzania (Abu-Taweel, 2018), and 
was brought to Guatemala in 1914. It is a small 
spindle-like light green seed pod and is commonly 
known as the queen of spices. The seeds are used for 
flavoring coffee, pastries, and curry dishes, and to 
freshen breath (Abu-Taweel, 2018). They are also 
used in culinary preparations and in traditional 
medicine to control asthma, to treat tooth and gum 
infections, and to treat digestive and kidney disorders 
(Agnihotri and Wakode, 2010; Ashokkumar, et al., 
2020).  

Cardamon is rich in volatile oils such as alpha-
pinene, beta-pinene, sabinene, myrcene, alpha 
phellandrene, limonene, cineole, terpinene, cymene, 
terpinolene, and linalool (Ashokkumar et al., 2020). 
These compounds have been associated with 
antioxidant, anticancer, anti-inflammatory, anti-
fungal, anti-bacterial, anti-diabetic, and antiviral 
activities (Das et al., 2012). They have been used to 
control cardiovascular, pulmonary, kidney, and lung-

associated disorders (Vaidya et al., 2014).  
The objective of this research was to assess the 

antimicrobial activity, antioxidant activity, and 
phenolic levels of extracts from: Theobroma 
cacao beans and shells; Eriobotrya japonica leaves, 
stems, and flowers; Bourreria huanita flowers; 
and Elettaria cardamomum seeds.  

MATERIALS AND METHODS 

Extracts preparation. Commercial plant 
samples purchased in local marketplaces (Table 1) 
were ground for 30 seconds using a coffee grinder 
(Mr. Coffee, Cleveland, Ohio). While all the finished 
botanical product samples used in our experiments 
came from the Central American region, additional 
commercial samples from different regions including 
India and Peru were also included for comparative 
purposes. For each sample, 10 mL of 95% ethanol 
(Sigma Aldrich, St Louis, MO) were added to 1 g of 
powdered grains and samples were mixed using a 
vortex mixer. Each sample was then sonicated three 
times at 10-second intervals and 30% intensity using 
a Bransonic® Ultrasonic bath. Samples were 
centrifuged at 300 x g for 5 min, and the supernatant 
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was collected and filtered through a 0.45 μm syringe 
filter (ThermoFisher Scientific, Waltham, MA). 
These ethanolic extracts were used as prepared to test 
total phenolic and antioxidant activities. For antiviral 
assays, the ethanol was evaporated, and the dried 
samples resuspended in 20% dimethyl sulfoxide 
(DMSO, Sigma Aldrich, St. Louis MO) in ultrapure 
water (ThermoFisher Scientific, Waltham, MA). The 
ethanolic and DMSO extracts were aliquoted and 
stored at -20°C.  

Total phenolic. The Phenolic Compounds Assay 
Kit (Sigma Aldrich, MAK365) was used to quantify 
total phenolics in the ethanolic extracts. Each test 
was performed in duplicate in a 96-well flat bottom 
clear microplate (Fisher Scientific, Waltham, MA). 
For each extract, 20 µL of sample were mixed with 
30 µL of ultrapure water (ThermoFisher Scientific), 
10 µL of PC probe and 40 µL of PC assay buffer. For 
each sample, a parallel sample well was prepared to 
serve as a background control containing 20 µL of 
sample, 30 µL of ultrapure water, and 50 µL of PC 
assay buffer. Additionally, catechin standards with 
concentrations between 0 and 10 nM were included. 
The plate was incubated at room temperature for 10 
min with gentle shaking and absorbance was 
measured at 480 nm using the Spectramax iD3 
microplate reader (Molecular Devices, San Jose, 
CA). A total of four independent experiments were 
performed. Results were expressed as total nM/µL 
catechin equivalents. 

Antioxidant capacity. The Antioxidant Activity 
Assay Kit (Sigma Aldrich, CS0790) was used to 
estimate the antioxidant capacity in ethanolic 
extracts. Each test was performed in duplicate in a 
96-well flat bottom clear microplate (Fisher 
Scientific). For each extract, 5 µL of sample or 
Trolox standard were mixed with 10 µL of 
myoglobin working solution (3.5 mg/mL) and 75 µL 
of ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) substrate working solution. For each 
sample, a parallel sample well was prepared to serve 
as a background control containing 5 µL of sample, 
10 µL of ultrapure water, and 75 µL of ABTS 
substrate working solution. Trolox standards were 
prepared at concentrations between 0 and 0.42 mM. 
The plate was incubated at room temperature for 5 

min with gentle shaking and the reactions were 
stopped by adding 50 µL of the stop solution 
provided by the manufacturer. The absorbance was 
measured at 405 nm using the Spectramax iD3 
microplate reader (Molecular Devices, San Jose, 
CA). A total of two independent experiments were 
performed. Results were expressed as total mM 
Trolox. 

Antiviral Activity. Antiviral activity was 
determined by testing the cytotoxicity of each extract 
using the XTT colorimetric assay and the PsV entry 
inhibition assay (Melo et al., 2021). The therapeutic 
index was used to determine potential selective 
antiviral activity.  

Cytotoxicity assay. The cytotoxicity was 
determined using the XTT colorimetric assay 
(Fernandez-Romero et al., 2012). Different 
concentrations of each extract were added in 
triplicate to human angiotensin-converting enzyme 2 
(hACE-2)-expressing HeLa cells (HeLa ACE-2, 
provided by Dennis Burton, The Scripps Research 
Institute, La Jolla, CA) seeded in clear bottom 96-
well microplates and then incubated at 37ºC, 5% 
CO2, and 98% humidity for 72 hours. Tween 20 
(Sigma Aldrich) was used as a positive control for 
cytotoxicity. XTT (ThermoFisher Scientific) was 
added to all wells after 72-hour incubation, and the 
absorbance was measured at 450 nm using a the 
Spectramax iD3 microplate reader (Molecular 
Devices). A total of two independent experiments 
were performed. 

Production of SARS-CoV-2 pseudoviral (PsV) 
particles. SARS-CoV-2 delta PsV particles were 
produced following the procedure described by 
Schmidt et al., 2020 with some modifications. 293T 
cells (ATCC, Manassas, VA) were seeded in 6-well 
plates (Fisher Scientific) at a concentration of 5 x 105 
cells/mL, 2 mL per well. The plates were incubated 
overnight at 37ºC, 5% CO2, and 98% humidity. 
Plasmids containing the SARS-CoV-2 spike gene 
(pSARS-CoV-2-Strunc (Delta variant), pCRV1NHG 
GagPol, and pNanoLuc2AEGFP) were used to 
produce the PsVs (Schmidt et al., 2020). The 
plasmids were mixed gently with Lipofectamine 
2000 (ThermoFisher Scientific, Waltham, MA) 
using the amounts indicated by the manufacturer. 
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The mixture was incubated for 20 min at room 
temperature. The supernatant of 293T cells, seeded 
the previous day, was aspirated and washed twice 
with 2 mL of OptiMEM medium (ThermoFisher 
Scientific). The DNA/lipofectamine 2000 mixture 
was added to 293T cell monolayers and incubated for 
6 hours at 37°C, 5% CO2, and 98% humidity. After 
this brief incubation, the cell monolayers were 
washed twice with D-PBS (ThermoFisher Scientific) 
and DMEM (ThermoFisher Scientific) with 10% 
FBS (ThermoFisher Scientific), and 100 I.U./mL 
penicillin and 100 μg/mL streptomycin 
(ThermoFisher Scientific) were added to each well. 
The plates were incubated for 48 hours at 37°C, 5% 
CO2, 98% humidity, and the cell supernatants were 
collected, filtered using a 0.22 μm pore size PVDF 
filter, aliquoted, and stored at -80°C. The PsV titer 
was determined using a cell-based pseudoviral entry 
assay (Schmidt et al., 2020) and the TurboLuc™ 
Luciferase One-Step Glow Assay Kit (ThermoFisher 
Scientific).  

Pseudoviral entry inhibition assay. The antiviral 
activity for each of the extracts tested in the XTT 
assay was evaluated using the cell-based pseudoviral 
entry assay SARS-CoV-2 delta PsV (Melo et al, 
2021). The same concentrations and number of 
replicates for each extract were used to test the 
antiviral activity against SARS-CoV-2 delta PsV. 
The different concentrations of plant extracts and the 
PsV were mixed and incubated in 96-well U bottom 
microplates for 30 min at 37ºC, 5% CO2, and 98% 
humidity. After this brief incubation, the mixture was 
transferred to HeLa ACE-2 cell monolayers seeded 
in white opaque 96-well flat bottom microplates. The 
plates were incubated at 37ºC, 5% CO2, and 98% 
humidity for 72 hours. After the 72-hour incubation, 
50 μL of the medium were removed from each well 
and replaced with 50 μL of luciferase buffer and 
substrate mixture. The plates were shaken for 10 min, 
and luminescence was read using the Spectramax 
iD3 microplate reader (Molecular Devices). A total 
of two independent experiments were performed. 

Antibacterial activity. The methods previously 
described by Melo et al., 2021 were used to 
determine antibacterial activity. Fresh overnight LB 

broth cultures of Escherichia coli ATCC™ 8739™ 
(Fisher Scientific, Hampton, NH) and 
Staphylococcus epidermidis NCIMB 8853 (Fisher 
Scientific) were prepared from each bacterial stock. 
The antibacterial activity was tested in 96-well flat 
bottom microplates (Fisher Scientific). Each plant 
extract and solvent control (20% DMSO in ultrapure 
H2O) was tested by mixing 20 μL of each sample 
with 70 μL of Tryptic Soy broth and 10 μL of 
bacteria (~105 cells/mL). For each extract, 
background controls were prepared that included the 
extract and broth, but no bacteria. Blank wells were 
also included that contained 100 μL of Tryptic Soy 
broth. Plates were incubated at 37°C, and optical 
density (OD) was measured at 600 nm at time zero 
and at every hour for 6 hours using the Spectramax 
iD3 microplate reader (Molecular Devices). Five 
replicates of each sample were tested in each of two 
independent experiments.  

HPLC Analysis. Analysis was conducted by 
Agilent 1290 Infinity II ultra-high performance 
liquid chromatography (UHPLC) equipped with an 
UV diode array detector (DAD). The column used 
was Agilent Polaris Amide-C18 column, 250 x 4.6 
mm, 3 μm. The same samples prepared for the 
biological activities were used to perform the 
analysis. The sample initial concentration (1 g/mL) 
was diluted ten times (100 mg/mL) and centrifuged 
at 12,000 RPM to remove debris. The following 
standards were used: caffeine, theobromine, 
catechin, epicatechin, and procyanidins B1 and B2. 
For determination of alkaloids and proanthocyanins, 
water with 0.1% formic acid was used as mobile 
phase A and acetonitrile with 0.1% formic acid was 
used as mobile phase B. The gradient was 2% B at 0 
min and held for 3 min, raised to 15 % B at 15 min 
and held until 25 min, then raised to 35% B at 50 min, 
60% B at 51 min, and held until 55 min. The flow 
rate was 0.8 mL/min. The column was equilibrated 
with 2% B for 3 min between injections. The column 
was set at 40°C. The autosampler was maintained at 
4°C. The injection volume was 2.5 μL. The diode 
array detector (DAD) was set at 280 nm, with 
bandwidth 4 nm. The reference wavelength was 400 
nm, with reference bandwidth at 10 nm. 

Data analysis. The mean value ± SE of total 
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phenolic and antioxidant activities was graphed for 
each sample using GraphPad Prism v9.0.2 software 
(San Diego, CA). The percent cell viability and 
percent pseudoviral entry were calculated in 
Microsoft Excel and transferred to GraphPad Prism. 
Graphs of percent cell viability or percent PsV entry 
versus the logarithmic value of each extract 
concentration were created in GraphPad Prism. The 
half-maximal cytotoxic concentration (CC50) and 
half-maximal effective concentration (EC50) were 
determined for each extract, using a dose-response-
inhibition analysis in GraphPad Prism. The 

therapeutic index (TI= CC50/EC50) was calculated for 
each extract. The absorbance versus time was 
graphed for the antibacterial assay, and the area-
under-the-curve (AUC), standard error, and 95% 
confidence intervals were calculated using GraphPad 
Prism. To compare these AUCs, the AUCs, standard 
errors, and the number of data points were copied and 
pasted into a new grouped table. The AUC of each 
sample was compared to the AUC of sample 14 
(control) using an unpaired t-test in GraphPad Prism. 
Finally, the total phenolic content in the samples was 
compared using a paired t-test in GraphPad Prism. 

 
 

Table 1. Commercial samples of Theobroma cacao, Eriobotrya japonica, Bourreria huanita, and Elettaria cardamomum used 
in this study. 

Sample 
# 

Plant specie Description Commercial Source (Origin) 

1 T. cacao Organic raw whole cacao beans Kevala International LLC, 
Dallas, Texas (India) 

2 T. cacao Organic raw whole cacao beans Tootsi Impex USA Inc., 
Montclair, NJ (Peru) 

3 T. cacao Organic raw whole cacao beans Chocolate Antigua, San Juan 
del Obispo, Guatemala 
(Guatemala) 

4 T. cacao Cacao tea 

5 E. japonica Loquat natural dried leaves and stems EidolonGreen*  
6 E. japonica Loquat leaf and flower tea San Juan del Obispo, La 

Antigua, Guatemala 
(Guatemala) 

7 B. huanita Esquisuchil dried flower 

8 E. cardamomum Organic Cardamom seeds Pinch, Louisville, KY 
(Guatemala) 

9 E. cardamomum Organic Cardamom seeds San Juan del Obispo, La 
Antigua, Guatemala 
(Guatemala) 

10 E. cardamomum Organic Cardamom seeds Frontier CO-OP, Norway, IA*  
11 E. cardamomum Organic Cardamom seeds Whole Foods, Austin, Texas*  
12 E. cardamomum Organic Cardamom whole Spice and Tease, Grand 

Central Station, New York * 13 E. cardamomum Organic Cardamom whole 

*Country of origin not specified 
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RESULTS AND DISCUSSION 

The Phenolic Compounds Assay Kit used in the 
experiments provided a quick, sensitive, and 
selective method for measuring the total amount of 
phenolic compounds in the ethanolic extracts. In this 
assay, phenolic compounds react with diazonium 
salts under alkaline conditions to form a stable diazo 
chromophore that can be detected by absorbance at 
480 nm (Lanfer-Marquez et al., 2005; Stalikas et al., 
2007; Santos-Buelga et al., 2012; Saowapa et al., 
2015). An important advantage of this method, 
unlike the Folin-Ciocalteu procedure, is that this 
assay kit cannot be affected by non-phenolic 
reducing substances found in plant extracts such as 
sulfites, reducing sugars, or ascorbic acid. In the 13 
samples of fermented whole cacao beans, the amount 
of total phenolics ranged from 0.06 to 1.85 nM/µL 
catechin equivalents, with a sample from La Antigua, 
Guatemala (sample #3) showing the highest total 
phenolic content at 1.35 nM/µL catechin equivalents 
(Figure 5A; p<0.0368).  

The antioxidant activity measured the formation 
of a ferryl myoglobin radical from metmyoglobin 
and hydrogen peroxide that oxidizes the ABTS to 
produce ABTS•+, a soluble green color product that 
can be quantified spectrophotometrically at 405 nm 
(Miller et al., 1997; Rice-Evans et al., 2000; 
Proteggente et al., 2002; Huang et al., 2005). 
Consistent with the results obtained with the total 
phenolic assay, fermented organic raw whole cacao 
beans from La Antigua, Guatemala (Sample #3) 
showed the highest antioxidant activity at 0.398 mM 
Trolox equivalents (Figure 5B).   

Antioxidants in plants are important as they 
neutralize free radicals or reactive oxygen species 
(ROS) that are naturally produced during normal 
physiological reactions that occur during cell 
metabolism. ROS react with cellular components 
and, if not neutralized, cause oxidative damage. Such 
oxidation can potentially initiate various pathologies 
including cancer, central nervous system disorders, 
diabetes, atherosclerosis, rheumatoid arthritis, and 

liver damage. Plants contain many antioxidants that 
might play a central role in preventing oxidative 
stress (Miller et al., 1997; Rice-Evans et al., 2000; 
Proteggente et al., 2002; Huang et al., 2005).   

Cacao beans are rich in bioactive compounds, 
including proanthocyanidins, a group of phenolic 
compounds (Katz et al., 2011). These compounds in 
cacao include polyphenols of four different types of 
flavonoids including catechins, 92% of which 
constitute (-) epicatechin (Jalil and Ismail, 2008). 
Cacao is also rich in methylxanthines including 
caffeine, theobromine, and theophylline (Lee, 2000). 
The four cacao samples studied in these experiments 
included fermented organic cacao beans and cacao 
tea. Prior studies demonstrated that the country of 
origin and the preparation method can impact the 
content and concentration of the polyphenols in 
cacao beans (Miller et al., 2006; Jalil and Ismail, 
2008; Ortega et al., 2008; Miller et al., 2009). Other 
studies have shown that phenolic content can vary 
depending on climate, soil characteristics, drying 
methods, storage, and transportation (Albertini et al., 
2015). Another potential factor that might contribute 
to the different phenolic contents of T. cacao samples 
is their fermentation process. The bitter and acidic 
taste of cacao, due to phenolic content, can be 
reduced through fermentation (Jalil and Ismail, 
2008). Polyphenols can diffuse from their storage 
cells and undergo oxidation during cacao seed 
fermentation leading to the formation of insoluble 
tannins (Hansen et al., 1998). High temperatures and 
prolonged processing times can further decrease the 
concentration of soluble polyphenols, which might 
explain the lower total phenolic compounds and 
antioxidant activities found in the cacao tea obtained 
from the shells of fully roasted cacao beans from 
Guatemala (sample #4). 

Antimicrobial properties of these plant extracts 
were also explored. Antiviral activity against SARS-
CoV-2 was evaluated using a pseudoviral model. 
Extracts prepared from whole cacao beans from 
Guatemala (sample # 3) resulted in the highest level 
of antiviral activity against SARS-CoV-2, having the 
lowest EC50 value (14 µg/mL) and the highest 
therapeutic index (30.3) when comparted with the 
other samples from India and Peru (Table 2).  
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Figure 5. Phenolic content (A) and antioxidant activity (B) of extracts of Theobroma cacao (samples #1-4), Eriobotrya japonica 
(samples #5-6), Bourreria huanita (sample #7), and Elettaria cardamomum (samples #8-13). Theobroma cacao, fermented raw 
whole cacao beans from Guatemala (sample #3), shows the highest phenolic content and the highest antioxidant activity. Total 
phenolics are expressed as nM/µL of catechin equivalents and antioxidant activity is expressed as mM Trolox equivalents. The 
graphs show the results of two or four independent experiments. 
 
 
 
Table 2. Antiviral activity of the extracts for each species of Theobroma cacao (samples #1-4), Eriobotrya japonica (samples 
#5 and 6), Bourreria huanita (sample #7), and Elettaria cardamomum (samples #8-13) against SARS-CoV-2 delta PsV.  

Sample # 1 2 3 4 5 6 7 8 9 10 11 12 13 
CC50 

(µg/mL) a 
496.5 452.5 425.1 288.2 352.6 173.3 324.9 53.3 139.7 81.8 98.8 127.3 128 

              
95% CI b 233.7  

to  
1273 

217.3 
to 

1105 

271.6 
to 

701.0 

144.2 
to 

586.4 

141.7 
to 

1145 

91.5 
to 

352.8 

113.5 
to 

1026 

24.9 
to  

116 

55.8 
to 

368.6 

32.7 
to 

190.6 

44.6 
to 

235.5 

47.5 
to 

346.7 

59.3 to 
299.2 

              
EC50  

(µg/mL) c 
139.7 90.22 14 289.4 18.8 29.7 228.7 62.8 91.5 54.9 54.5 24.4 23.1 

              
95% CI 83.3  

to  
230.9 

58 
 to 

138.3 

10.3 
to 

19.1 

177.2 
to 

485.8 

13.9 
to 

25.2 

22.3 
to 

39.8 

141.4 
to 

370.4 

41.7 
to 

94.7 

64.5 
to 

129.2 

36.4 
to 

81.8 

38.8 
to 

76.3 

18.5 
to 

32.4 

16.6 to  
32 

              
TI 

(CC50/EC50) d 
3.6 5.0 30.3 1.0 18.7 5.8 1.4 0.8 1.5 1.5 1.8 5.2 5.5 

aCC50= half maximal cytotoxic concentration, b 95% CI= 95% Confidence Interval, cEC50= half maximal effective 
concentration, and dTI= therapeutic index.  
 

Several publications indicate potential antiviral 
activity of compounds isolated from T. cacao. 
Procyanidin C1-flavonoids isolated from T. cacao 
have been shown to reactivate latent HIV through the 

MAPK pathway (Musarra-Pizzo et. al., 2021). 
Kamei et al., 2015 investigated the effect of T. cacao 
against the influenza virus in a cell-based assay and 
proposed that aqueous extract of T. cacao exhibits 
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dose-dependent inhibition of influenza virus A 
(H1N1 and H3N2), human influenza virus B, and 
avian influenza viruses (H5N1 and, H5N9). 
Additionally, Kamei et al., 2015, performed animal 
experiments to show that the aqueous extract 
significantly improved survival in mice after 
intranasal challenge with influenza virus.  

From the available literature, this project is the 
first to report of a T. cacao extract showing selective 
antiviral activity against SARS-CoV-2 by interfering 
with viral attachment and/or viral entry, and that 
phenolic compounds are likely involved in this 
activity. It has been previously reported that other 
naturally occurring compounds interfere with the 
SARS-CoV-2 spike and ACE-2 receptor interaction, 
including flavonoids, proanthocyanidins, 
secoridioids, and xanthanoes (Al-Shuhaib et al., 
2022). Inhibiting the virus binding to the ACE-2 
receptor is an area of interest because of its crucial 
role in the pathogenesis of the SARS CoV-2 virus. 
The virus receptor-binding domain (RBD) of the 
spike (S) protein binding with the ACE-2 receptor 
allows the virus to enter the host cell (Ni et al., 2020; 
Boopathi et al.,2021). Using computational models, 
Al-Shuhaib et al., 2022, found that the flavonoid 
epicatechin might inhibit SARS CoV-2 binding to 
the ACE-2 receptor. This compound is of particular 
interest because it is a flavonoid present in cacao, and 
about 92% of cacao catechin is composed of 
epicatechin. Similarly, another study found that 
catechin had a high affinity for the ACE-2 receptor 
(Jena et al., 2021). Furthermore, other polyphenols 
present in different plants have been shown to inhibit 
activity of SARS CoV-1 helicase, a viral enzyme 
with a crucial role in viral replication. Yu et al., 
(2012) identified about 64 naturally occurring 
compounds as potential inhibitors of SARS CoV-1 
helicase. They further report that myricetin and 
scutellarin might inhibit SARS CoV-1 helicase by 
inhibiting ATPase activity, but not the helicase 
activity itself. 

In addition to T. cacao, antioxidant and antiviral 
activity were explored for other plant extracts 
including E. japonica leaves and stems (sample #5 
Eidolon Green) and leaf and flower tea (sample #6) 
(Table 1). Although phenolic content and antioxidant 
activity were not as high as that of T. cacao, E. 
japonica (leaves and stems) had an EC50 value of 
18.8 µg/mL and a TI value of 18.7 (Table 2). This TI 
value indicates selective antiviral activity. Similar to 
T. cacao, there could be numerous explanations for 
the low phenolic and antioxidant activity present in 
E. japonica samples, for example variations in 
manufacturing, temperature, storage, and growth 
conditions. Compounds responsible for the potential 
antiviral activity seen in E. japonica have not been 
identified and could be a future area of investigation. 

As previously mentioned, E. japonica extracts 
are used in traditional medicine to treat chronic 
bronchitis and cough. E. japonica is rich in 
secondary metabolites such as phenolics and 
triterpenoids (Zhou et al., 2011). Research has found 
that terpenoids might inhibit SARS CoV-2 viral 
replication (Giofrè et al., 2021). A report on E. 
japonica showed that products from this plant have 
antiviral activity against rhinoviruses (De Tommasi 
et al., 1992). Some of the most important 
phytochemicals found in E. japonica are quercetin, 
ursolic acid, oleanolic acid, tannins, chlorogenic 
acid, and caffeoylquinic acid (Seong et al., 2019). 
Quercetin, a type of flavonoid, inhibits the SARS 
CoV-2 protease in vitro (Park et al., 2017).  

The potential antibacterial activity of these plant 
extracts was tested by monitoring bacterial growth 
over time using spectrophotometry. E. japonica 
extracts showed a broad-spectrum antibacterial 
activity with significant inhibition of bacterial 
growth (p<0.0001; Figure 6 A and B). Similarly, 
extracts of E. japonica and E. cardamomum showed 
significant inhibition of S. epidermidis (p<0.001; 
Figure 6B). 
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Figure 6. E. coli (A) and S. epidermidis (B) growth over time measured at 600 nm. Theobroma cacao (samples #1-4), 
Eriobotrya japonica (samples #5-6), Bourreria huanita (sample #7), and Elettaria cardamomum (samples #8-13). E. japonica 
(samples #5 and 6) and E. cardamomum (samples #12 and 13) showed significant inhibition (p<0.0001) of bacterial growth 
compared with the Tryptic Soy Broth control (sample #14). Each data point represents the mean value ± SE of 10 replicates 
from two independent experiments. Red curves indicate significant (p<0.0001) difference in the AUC compared to sample #14 
(control). 
 

Studies with E. cardamomum have been shown 
to have several pharmacological properties, 
including antibacterial and anti-inflammatory 
activities likely associated with volatile compounds 
(Souissi et al., 2020). An interesting observation is 
that although two extracts of E. japonica from 
different commercial sources were prepared, only 
one (leaves and stems) showed significant inhibition 
of E. coli. As mentioned before, samples from 
different countries of origin and different methods of 
preparation can impact the biological properties of 
plant products (Jalil and Ismail, 2008; Miller et al., 
1997; Ortega et al., 2008; Miller et al., 2009).  

Considering that whole cacao beans from 
Guatemala (sample #3) showed the highest phenolic 
content, the highest antioxidant activity, and the most 
selective anti-SARS-CoV-2 activity, we next 
examined the phytochemical profile of this particular 
sample. The HPLC analysis of whole beans of T. 
cacao showed the presence of catechin, epicatechin, 
caffeine, theobromine, and procyanidin B1. 
Epicatechin was the major polyphenol with 38.1 
mg/g, followed by the alkaloids theobromine (2 
mg/g), caffeine (0.58 mg/g), catechin (0.3 mg/g) and 
procyanidin B1 (0.17 mg/g) (Table 3). The 
composition of cacao beans is likely linked with high 
total phenolic content (Fig. 5A), high epicatechin 
content (Table 3), antioxidant activity (Fig. 5B), and 

antiviral activity (Table 2).  
 

Table 3. Composition of alkaloids and polyphenols of whole 
cacao beans from Guatemala (Theobroma cacao) 
Retention Time Component mg/g dry cacao 
12.2 Theobromine 2 
17.106 Caffeine 0.58 
18.746 Procyanidin B1 0.17 
19.526 Catechin 0.3 
24.693 Epicatechin 38.1 

CONCLUSIONS 

In this study, four plants widely used in 
traditional medicine in Central America were 
screened for their antioxidant activity and potential 
antimicrobial activities. The total phenolics were 
determined for each. Antioxidant activities were 
detected in T. cacao, E. japonica, B. huanita, and E. 
cardamomum ethanolic extracts. Interestingly, 
whole T. cacao beans from La Antigua, Guatemala 
(sample #3) showed the highest total phenolic 
concentration, antioxidant activity, and selective 
antiviral activity. This study also showed that dry 
leaves and stems of  E. japonica (sample #5) had 
selective antiviral activity with a TI value of 18.7. E. 
japonica and E. cardamomum showed significant 
inhibition of bacterial growth using 
spectrophotometry. The results suggest that phenolic 
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compounds are responsible for these activities; 
however, other secondary compounds might also 
contribute to the results observed. The selective 
antiviral activity with a TI value of 30.3 warrants 
further investigation of the fermented organic T. 
cacao beans. Extraction methods using alternative 
solvents should be further explored. 
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