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Abstract 

In the current climate, many countries are in dire need of effective preventive methods to curb the Severe 
Acute Respiratory Syndrome Coronavirus Type 2 (SARS-CoV-2) pandemic. The purpose of this research 
is to screen and explore natural plant extracts that have the potential to against SARS-CoV-2 and provide 
alternative options for SARS-CoV-2 prevention and hand sanitizer or spray-like disinfectants. We first 
used Spike-ACE2 ELISA and TMPRSS2 fluorescence resonance energy transfer (FRET) assays to screen 
extracts from agricultural by-products from Taiwan with the potential to impede SARS-CoV-2 infection. 
Next, the SARS-CoV-2 pseudo-particles (Vpp) infection assay was tested to validate the effectiveness. 
We identified an extract from coffee leaf (Coffea Arabica), a natural plant that effectively inhibited 
wild-type SARS-CoV-2, and five Variants of Concern (Alpha, Beta, Gamma, Delta, and Omicron strain) 
from entering host cells. In an attempt to apply coffee leaf extract for hand sanitizer or spray-like 
disinfectants, we designed a skin-like gelatin membrane experiment. We showed that the high 
concentration of coffee leaf extract on the skin surface could block SARS-CoV-2 into cells more potently 
than 75% Ethanol, a standard disinfectant to inactivate SARS-CoV-2. Finally, LC-HRMS analysis was used 
to identify compounds such as caffeine, chlorogenic acid (CGA), quinic acid, and mangiferin that are 
associated with an anti-SARS-CoV-2 activity. Our results demonstrated that coffee leaf extract, an 
agricultural by-product effectively inhibits SARS-CoV-2 Vpp infection through an ACE2-dependent 
mechanism and may be utilized to develop products against SARS-CoV-2 infection. 
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Introduction 
Coronavirus is a group of viruses that can cause 

respiratory infections in humans [1]. At the end of 
2019, a new coronavirus species named SARS-CoV-2 
caused the Coronavirus Disease 2019 (COVID-19), 
resulting in deaths or long-term conditions from the 
infection (more than pneumonia, COVID-19 exhibits 
various life-threatening symptoms). Countries have 
reported large-scale infection clusters, added up with 
the high transmission efficiency and a large amount of 
international travel; therefore, SARS-CoV-2 presents a 

huge threat to global public health [2, 3].  
SARS-CoV-2 is an enveloped single-stranded 

RNA (ssRNA) virus including four crucial proteins, 
namely, spike (S), membrane (M), nucleocapsid (N), 
and envelope (E) protein [4]. It was shown that the 
Spike binds to the angiotensin-converting enzyme 2 
(ACE2) on the surface of the host cell and is further 
triggered by the transmembrane protease serine 2 
(TMPRSS2) [5]. Despite masks and other safety 
measures, millions of people were infected with 
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COVID-19 leading to unprecedented mortality. 
Researchers have designed and developed new 
classes of vaccines based on the structure of 
SARS-CoV-2 to curb this global pandemic [6]. 
However, due to underlining health conditions and 
other unknown factors, breakthrough cases occur in 
the fully vaccinated population [7]. In addition, the 
mutations of SARS-CoV-2 enhance viral transmission 
and reduce the efficacy of current vaccines [8, 9]. The 
WHO has recognized five SARS-CoV-2 variants of 
concern (VOC) at https://www.who.int/en/ 
activities/tracking-SARS-CoV-2-variants/. The Alpha 
strain (B.1.1.7) was first discovered in the UK, the Beta 
strain (B.1.351) was detected in South Africa, and the 
Gamma strain (P.1) was reported in Brazil that they 
had been found to spread faster than other mutants 
[10-12]. The Alpha strain has exhibited a stronger 
transmission rate and infection rate than the other two 
[13] till the Delta strain (B.1.617.2) [14] replaces the 
alpha strain becoming the dominant strain. 
Researchers discovered the Omicron strain (B.1.1.529), 
which appeared in November 2021 from South Africa. 
It has more than thirty changes to the spike protein, 
and the changes have been found in variants such as 
Delta and Alpha. These changes are related to the 
increase in transmissibility, higher viral binding 
affinity, and antibody escape [15, 16]. Serious threat to 
current COVID-19 vaccines and therapies, potentially 
pressing humans to coexist with COVID-19, and the 
standards of disinfection and social distancing have 
gradually become an important new area for 
epidemic prevention [17, 18]. Therefore, other 
preventive approaches to reduce the transmission of 
all SARS-CoV-2 variants [19] are urgently needed in 
addition to vaccination. 

Various studies have shown the anti- 
SARS-CoV-2 activity of plant extracts, such as 
Scutellaria barbata D. Don [20], Allium sativum, Camellia 
sinensis [21, 22], and Punica granatum [23, 24]. Some 
natural plants from the economic crops, such as barks, 
leaves, roots, and others, have the potential to become 
high-value compounds. Coffee leaf from coffee 
production is a great example [25]. For a long time, in 
India, Jamaica, and Java, the coffee leaf has been used 
to improve health as ethnomedicine, animal feed, 
lactobacillus proliferators, and organic fungicides 
[26]. The component of the coffee leaf has many 
distinct phytochemicals with a variety of potential 
biological activities, such as amino acids, alkaloids 
(caffeine), flavonoids (anthocyanins), xanthonoids 
(mangiferin), tannins, phenolic acids (caffeic acid, 
chlorogenic acid), and catechins [27, 28]. For example, 
mangiferin has exhibited anti-inflammatory, anti- 
diabetic, anti-hyperlipidemia, anti-oxidation, and 
neuroprotective effects; chlorogenic acid can inhibit 

oxidative stress, inflammation, aging, and cancer 
[29-32].  

This report utilized relevant cell-free assays and 
pseudovirus infection assays to examine a series of 
natural plants from economic crops in Taiwan. We 
identified coffee leaf as a promising alternative source 
that interferes with SARS-CoV-2 in the prevention 
and phytotherapy of medicine. 

Materials and methods 
Extraction of natural plants  

The leaves and stems of the plants were collected 
and dried at 50°C. Next, the dried plants were 
weighted at a ratio of 1:30, soaked in different pro-
portions of ethanol or methanol, and homogenized by 
ultrasonic vibration for 1 hour. After the second 
extraction in the above steps, freeze crystals were 
dried and re-dissolved to 1 mg/ml with water to 
obtain natural plant extracts. All extracts were stored 
at -20°C. Details were described in the previous report 
[33, 34]. 

Spike-ACE2 binding assay 
The SARS-CoV-2 Neutralizing Antibody ELISA 

Kit (Spike-ACE2 Binding Assay Kit II, CoV-SACE2-1, 
RayBiotech Life, Peachtree Corners, GA, USA) is an 
enzyme-linked immunosorbent assay (ELISA), was 
used to screen potential natural plant extracts 
neutralized SARS-CoV-2 Spike binding with host cell 
ACE2 protein following the protocol provided by the 
manufacturer. 

Inhibition of TMPRSS2 activity by fluorescence 
resonance energy transfer (FRET) assay 

The experiment that determined the activity of 
different concentrations of the grape stem (Vitis 
vinifera), gardenia leaf (Gardenia jasminoides), and 
coffee leaf (Coffea Arabica) extracts to inhibit TMPRSS2 
was in reference [35]. With or without extracts, the 25 
μM TMPRSS2 was pre-incubated for a half-hour at 
room temperature. Next, 20 μM fluorescent protein 
substrate was added and measured by Synergy™ H1 
hybrid multi-mode microplate reader (BioTek 
Instruments, Inc., Winooski, VT, USA). The reaction 
was continuously monitored at the emission of 536 
nm. 

SARS-CoV-2 pseudo-particles (Vpp) infection 
assay 

Wild-type and five VOC (Alpha, Beta, Gamma, 
Delta and Omicron strain) SARS-CoV-2 pseudo- 
particles were purchased from RNAi core, Academia 
Sinica, Taiwan. HEK293T cells (the human embryonic 
kidney cell line) overexpressing ACE2 (293T-ACE2) 
were maintained in Dulbecco’s MEM containing 10% 
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fetal bovine serum and 1% penicillin/streptomycin. 
And, Calu-3 cells (human lung cancer cell line) were 
cultured in Dulbecco’s MEM supplemented with 10% 
fetal bovine serum, 1× NEAA, and 1% 
penicillin/streptomycin. 104 (293T-ACE2) and 5 × 103 
(Calu-3) cells were seeded into 96-well plates, and 
4-100 μg/ml of the grape stem (Vitis vinifera), 4-100 
μg/ml of gardenia leaf (Gardenia jasminoides), and 
4-100 μg/ml of coffee leaf (Coffea Arabica) extracts, or 
H2O (control) in a medium were pretreated for 1 hour. 
Then, treated cells were infected with 50 μl of medium 
containing pseudo-viral particles (MOI = 0.2). After 
overnight incubation, cell viability was measured 
with a 10 μl Cell Counting Kit-8 (CCK-8) (Dojindo 
Laboratories, Japan) and incubated for 2 hours. Next, 
each sample was mixed with the same volume of 
Bright-Glo Luciferase Detection System (Promega, 
USA) for 10 minutes. The luciferase activity was 
detected through the GloMax Navigator System 
(Promega, USA). The relative light unit (RLU) 
normalized cell viability represents the relative 
infection efficiency. More details were described in 
references [20, 23].  

Skin-like gelatin membranes test 
According to a report by Alarcón-Segovia et al. 

[36], 2.5 g gelatin from bovine skin (Sigma-Aldrich, 
USA) with glycerol and MilliQ water in a 12-well 
culture plate into a thickness of 1–2 mm were 
maturated 15 minutes as forming polymer. 5 μl of 100 
μg/ml coffee leaf (Coffea Arabica) extract, 75% 
(weight/weight [w/w]) Ethanol, or H2O (control) 
were applied separately on skin-like gelatin 
membranes at room temperature from 15 minutes to 1 
hour and added into 2 μl pseudo-viral particles 
(MOI=0.2) for 2 hours. Subsequently, they were 
added with 50 μl of medium for the Vpp infection 
assay. 

LC-HRMS analysis  
To a previous report [20], the aliquots extracts 

were dissolved in methanol at 10 μg/ml and 
conducted on a Q-Exactive Plus orbitrap high- 
resolution mass spectrometer equipped with an 
Ultimate 3000 ultra-high performance liquid 
chromatographic (UHPLC) system (ThermoScientific, 
San Jose, CA, USA) and a Waters ACQUITY UPLC 
C18 column (2.1 × 100 mm, 1.7 um). The adopted 
gradient was set as follows: from 5% buffer B at 1 
minute to 30% buffer B at 15 minutes, subsequently to 
80% buffer B at 16 minutes, and maintained at 80% 
buffer B for 5 minutes, where buffer A was 0.2% 
formic acid/H2O, and buffer B was acetonitrile. The 
flow rate of 0.4 mL/min. The parallel reaction 
monitoring (PRM) mode of Q-Exactive Plus was 

utilized to characterize chemical components and 
quantified caffeine, chlorogenic acid (CGA), quinic 
acid, and mangiferin. The survey scan was conducted 
in the m/z 150–2000, with an electrospray voltage of 
4.0 kV and 3.5 kV for positive and negative ionization 
modes, respectively. The standard pure compounds, 
caffeine, chlorogenic acid, and quinic acid, were 
purchased from Sigma-Aldrich, USA. The mangiferin 
was acquired from ChromaDex, California, USA. 

SARS-CoV-2 Spike S1:ACE2 time 
resolved-fluorescence resonance energy 
transfer (TR-FRET) assay 

The inhibitory effect of the main compounds of 
the coffee leaf (Coffea Arabica) to inhibit the binding 
between SARS-CoV-2 Spike S1 and human ACE2 
were measured by SARS-CoV-2 Spike S1-Biotin: 
ACE2 TR-FRET Assay Kit (#79949-1, San Diego, CA, 
USA). The procedure had followed the commercial 
protocol. The main test compounds, 100 μg/ml 
caffeine, 100 μg/ml CGA, 100 μg/ml quinic acid, and 
100 μg/ml mangiferin, were incubated with Spike 
S1-Biotin, and ACE2-Eu, dye-labeled acceptor, 
respectively for 1 hour. Then the TR-FRET signal was 
measured in a microtiter-plate reader (BioTek 
Instruments, Inc., Winooski, VT, USA). 

Data analysis 
All data in this study were presented as the 

mean ± SEM in triplicate independent experiments. 
Statistical analysis was applied by analysis of variance 
(ANOVA) and Student T-test. *, P < 0.05, **, P < 0.01 or 
***, P < 0.001 is concerned statistically significant. 

Results  
Coffee leaf extract inhibits binding between 
Spike protein and ACE2 and enzymatic 
activity of TMPRSS2  

To test if the extracts from natural plants may 
associate with anti-SARS-CoV-2 activity, first, we 
tested Spike-ACE2 interaction by cell-free ELISA 
assay. In this study, we extracted natural plants with 
20-50% (w/w) ethanol (EtOH), water, or methanol 
(MeOH), respectively. The powder obtained by 
freeze-drying was dissolved in water to form a final 
concentration of 1 mg/ml. ELISA assay detecting 
Spike RBD binding to hACE2 [37] was used to screen 
our current natural plant extracts (Supplementary 
Table 1). Most extracts screened at 100 μg/ml 
indicated no notable effect to disrupt the Spike-ACE2 
binding. Grape stem (Vitis vinifera), gardenia leaf 
(Gardenia jasminoides) with 50% EtOH, and coffee leaf 
(Coffea Arabica) with MeOH had an obvious 
neutralization activity (Figure 1A). Concentration- 
dependent assays of the grape stem, gardenia leaf, 
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and coffee leaf extract further validated that extract of 
the coffee leaf (Coffea Arabica) exhibited the strongest 
neutralization activity at high concentration (up to 
83% inhibition) (Figure 1B). Next, we asked whether 
these natural plants may affect the activity of 
TMPRSS2 known to influence the entry of 
SARS-CoV-2 into cells. The in vitro FRET-based 
enzyme analysis of TMPRSS2 [35] showed that 
treatment with coffee leaf (Coffea Arabica) with MeOH 
strongly inhibited the activity of TMPRSS2 (Figure 
1C). In contrast, the TMPRSS2 enzyme activity assay 
showed that grape stem (Vitis vinifera), and gardenia 
leaf (Gardenia jasminoides) with 50% EtOH had poor 
inhibition (Figure 1C). The results indicated that 
coffee leaf extract in MeOH could inhibit both 
Spike-ACE2 interaction and enzymatic activity of 
TMPRSS2, the two critical activities for the 
SARS-C-V-2 viral entrance. However, grape stem 
(Vitis vinifera), and gardenia leaf (Gardenia jasminoides) 
with 50% EtOH could inhibit only Spike-ACE2 
interaction.  

 

Table 1. LC-HRMS analysis in coffee leaf, grape stem, and 
gardenia leaf  

Sample Caffeine 
(mg/g) 

CGA (mg/g) Quinic acid 
(mg/g) 

Mangiferin 
(mg/g) 

Coffee leaf  24.3 7.8 3.5 9.1 
Grape stem N.D.a N.D. N.D. N.D. 
Gardenia leaf  N.D. 5.5 2.4 N.D. 
a N.D.: Not detected  
LC-HRMS analysis on the content of caffeine, CGA, quinic acid, and mangiferin in 
coffee leaf (Coffea Arabica), grape stem (Vitis vinifera), and gardenia leaf (Gardenia 
jasminoides). 

 

Coffee leaf extract has an inhibitory potential 
against SARS-CoV-2 infection 

Next, we evaluated whether grape stem, 
gardenia leaf, and coffee leaf extracts could inhibit the 
pseudoviral SARS-CoV-2 (Vpp) Spike mediated entry. 
We selected two human cell lines with the 
pseudovirus system to assess their susceptibility to 
SARS-CoV-2 Spike-mediated entry. We used 
293T-ACE2 cells [38], 293T cells stably transfected 
with human ACE2 to facilitate SARS-CoV-2 entering 
into target cells and the human lung cancer cell line 
Calu-3 that is highly sensitive to SARS-CoV-2 
Spike-mediated entry [5]. The coffee leaf extract 
inhibited the viral entrance activity by Vpp assay was 
stronger than the grape stem and gardenia leaf 
extracts, likely due to coffee leaf extract possessing 
dual activities shown in Figure 2A, C. The cell 
viability results showed no significant cytotoxicity by 
CCK-8 assay after incubation for 24 hours (Figure 2B, 
D), indicating the suppressed infection activity was 
not caused by cell viability. We further compared the 
inhibitory activity of coffee leaf extract on the five 

VOC (Alpha, Beta, Gamma, Delta, and Omicron 
strain) Vpp. The inhibitory activity of coffee leaf 
extract on the four variants is not as potent as that on 
the wild type; however, at 100 μg/ml, coffee leaf 
extract still had a significant inhibitory effect on the 
infection of five VOC Vpp (Figure 3A-F). Yet grape 
stem and gardenia leaf were unable to effectively 
suppress the five VOC Vpp on 293T-ACE2 cells 
(Supplementary Figure 1). Thus, the results suggest 
that coffee leaf extract can block the infection of 
wild-type, and its effect is still effective but less potent 
on the four variants of pseudo-viral SARS-CoV-2.  

Coffee leaf extract has the potential to develop 
into daily necessities through inhibiting 
SARS-CoV-2  

The cell viability results in Figure 2B and 2D 
prompted us to test if coffee leaf extract could be 
safely used, such as hand sanitizer or spray-like 
disinfectants, due to its ability to inhibit SARS-CoV-2 
infection. First, we measured whether it has the 
activity of restraining Vpp infection in the state of 
extract synchronized mix with the virus and then put 
it into 293T-ACE2 cells and Calu-3 cells (virus 
pre-treatment assay). Experimental results showed 
that 100 μg/ml coffee leaf extract could effectively 
inhibit the entry of wild-type Vpp in a 
time-dependent manner (Figure 4A, B). Importantly, 
within 2 hours of incubation, the wild-type virus 
infectivity was reduced to less than 12%. In addition, 
it can also strongly restrain the five VOC Vpp within 2 
hours of incubation (Figure 4C, D).  

Next, we tested whether coffee leaf extract has 
the potential to be added for hand sanitizer or 
spray-like disinfectants to usefully avoid SARS-CoV-2 
infection through skin contact. To this end, we first 
tested how long the Vpp can stay on the surface of 
skin-like gelatin membranes. As shown in Figure 5A, 
Vpp infection efficiency was gradually lost after 6 hrs; 
however, within 1-2 hrs, Vpp remained most of the 
infection activity. The results from Figure 4 and 5A 
allow us to design a procedure as shown in Figure 5B 
to test the efficacy of coffee leaf extract to block Vpp 
infectivity, where the 2 hr incubation time with Vpp at 
step 3 was required to stop the majority of activity 
based on the results from the Figure 4. The activity of 
75% Ethanol, a standard disinfectant, was compared 
with that of the coffee leaf extract. 5 μl of 100 μg/ml 
coffee leaf (Coffea Arabica) extract, 75% (w/w) Ethanol, 
or H2O (control) were applied to the membrane for 
15-60 min (Step 2 in Figure 5B) and then exposed to 
Vpp for additional 2 hours (Step 3 in Figure 5B). 
Finally, 50 μl media were added to release the Vpp on 
the skin-like gelatin membranes (Step 4 in Figure 5B), 
and the Vpp activity was evaluated.  
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Figure 1. Identification of potential nature plants against both SARS-CoV-2 Spike-ACE2 interaction and enzymatic activity of TMPRSS2. (A)A commercial SARS-CoV-2 
Neutralizing Antibody ELISA Kit (detecting Spike-ACE2 protein interaction) was used to test the effectiveness in different alcohol ratios or methanol-extracted natural plants. 
(B)The effectiveness of the grape stem (Vitis vinifera), gardenia leaf (Gardenia jasminoides), and coffee leaf (Coffea Arabica) extracts was confirmed by SARS-CoV-2 Neutralizing 
Antibody ELISA Kit. (C)The effect of the grape stem (Vitis vinifera), gardenia leaf (Gardenia jasminoides), and coffee leaf (Coffea Arabica) extracts on inhibiting TMPRSS2 activity was 
tested by FRET assay. Data were presented as mean ± SEM executed in triplicate. * P < 0.05, ** P < 0.01, *** P < 0.001. 
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Figure 2. The inhibitory effect of the grape stem, gardenia leaf, and coffee leaf extracts on SARS-CoV-2 pseudo-particles (Vpp) infection. (A) The coffee leaf extract showed 
dose-dependent inhibition in wild-type SARS-CoV-2 Vpp infection on 293T-ACE2 cells. (B) 293T cells with ACE2 over-expression were treated with the indicated 
concentrations of the grape stem (Vitis vinifera), gardenia leaf (Gardenia jasminoides), and coffee leaf (Coffea Arabica) extracts for 24 hours measured by CCK-8 assay 
demonstrated no cytotoxicity. (C) The high concentration of three natural plant extracts significantly inhibited wild-type SARS-CoV-2 Vpp infection on Calu-3 cells. (D) Three 
natural plant extracts were treated on Calu-3 cells for 24 hours measured by CCK-8 assay demonstrated no cytotoxicity. Data were presented as mean ± SEM in triplicate. * P 
< 0.05, ** P < 0.01. 

 
 
The results showed that the coffee leaf extract 

was coated on the surface of skin-like gelatin 
membranes within 15-60 minutes, and the 
effectiveness of wild-type pseudovirus SARS-CoV-2 
entry into cells was reduced to under 10%, much 

stronger suppressive activity than that of 75% Ethanol 
(Figure 5C). These results suggested that coffee leaf 
extract may have the potential as a hand sanitizer or 
spray-like disinfectant to prevent SARS-CoV-2 
infection.  
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Figure 3. The coffee leaf extract had the potent capacity to restrain five VOC SARS-CoV-2 Vpp infections. (A-F) 293T-ACE2 cells and Calu-3 cells were treated with the 
indicated concentrations of coffee leaf (Coffea Arabica) extracts after 24 hours of infection and measured by luciferase activity. The high concentration of coffee leaf extract had 
a significant effect on inhibiting five VOC SARS-CoV-2 infections of 293T-ACE2 cells and Calu-3 cells. Statistical significance was measured by Student t-test, * P < 0.05, ** P < 0.01, 
*** P < 0.001. 
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Figure 4. The effect of coffee leaf extract blocks wild-type and five VOC SARS-CoV-2 Vpp infection (virus pre-treatment). (A) 100 μg/ml coffee leaf extract could block the entry 
of wild-type SARS-CoV-2 Vpp (virus pre-treatment) in a time-dependent manner on 293T-ACE2 cells. (B) 100 μg/ml coffee leaf extract had the stronger effect of inhibiting the 
entry of wild-type SARS-CoV-2 Vpp (virus pre-treatment) in a time-dependent manner on Calu-3 cells. (C) 100 μg/ml coffee leaf extract can inhibit five VOC SARS-CoV-2 Vpp 
(virus pre-treatment) infections significantly on 293T-ACE2 cells. (D) 100 μg/ml coffee leaf extract can inhibit five VOC SARS-CoV-2 Vpp (virus pre-treatment) infections 
remarkably on Calu-3 cells. Data were presented as mean ± SEM in triplicate. * P < 0.05, ** P < 0.01, *** P < 0.001. 

 

Characterization of main compounds in the 
coffee leaf extracts potentially harboring 
inhibitory activity against SARS-CoV2 

To characterize what major compounds in the 
extracts of these natural plants might harbor the 
activity to inhibit SARS-CoV-2 infection, we 
developed the fingerprint of the coffee leaf (Coffea 
Arabica), grape stem (Vitis vinifera), and gardenia leaf 
(Gardenia jasminoides) extracts using UHPLC and 
analyzed by high-resolution mass spectrometer 
(Figure 6A-D). Consistent with the literature [39-41], 
four main compounds, including caffeine, CGA, 
quinic acid, and mangiferin, were identified in the 
coffee leaf extract (Table 1). Next, we investigated 
which of the main components of the coffee leaf may 
prevent SARS-CoV-2 entry. We utilized the TR-FRET 

assay to inhibit the effectiveness of Spike-ACE2. Due 
to the nature of the compounds, mangiferin and CGA 
were soluble in DMSO, and caffeine and quinic acid 
were soluble in water. The results demonstrated that 
treatment with four main compounds could inhibit 
the activity of Spike-ACE2 (Figure 6E). A similar 
inhibitory effect was also observed by wild-type Vpp 
assay on 293T-ACE2 cells (Figure 6F). Together, the 
results indicated that each of the four major 
components from coffee leaf harbored certain activity 
to inhibit both Spike-ACE2 interaction and Vpp 
infectivity and suggest that they may together make 
the agricultural by-product, coffee extract useful to 
develop into hand sanitizer or spray-like disinfectants 
to prevent from SARS-CoV-2 infection.  
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Figure 5. The coffee leaf extract inhibited SARS-COV-2 Vpp on the skin-like gelatin membranes. (A) The SARS-CoV-2 Vpp infection was tested for 0.5 to 6 hours. And, there 
was no significant difference in its infection within 2 hours of exposure, but it presented a remarkable reduce after 6 hours of exposure. (B) The models of skin-like gelatin 
membranes for testing. (C) Coffee leaf extract could inhibit the wild-type SARS-CoV-2 Vpp on the surface of the skin-like gelatin membrane within 60 minutes. And, its inhibiting 
effectiveness was better than 75% (w/w) Ethanol under a long exposure time. Data were presented as mean ± SEM in triplicate. * P < 0.05, ** P < 0.01, *** P < 0.001. 

 

Discussion 
There are many research articles about the 

antiviral, antibacterial, and insect repellent activities 
of natural plants [39, 42]. We wanted to find some safe 
and effective natural plants that will prevent humans 
from the threat of SARS-CoV-2. It was known that the 
early step of SARS-CoV-2 infection includes Spike 
protruding from the virus envelope, providing 
specificity to interact with host cell receptors (such as 
ACE2) and host factors (as TMPRSS2). Inhibition of 
ACE2 or TMPRSS2 receptors can be potential targets 

for SARS-CoV-2 prevention [43, 44]. In this research, 
we initially obtained three natural plant extracts, 
grape stem (Vitis vinifera), gardenia leaf (Gardenia 
jasminoides), and coffee leaf (Coffea Arabica), that can 
hinder the interaction of Spike-ACE2. Coffee leaf 
extract can impede Spike-ACE2 protein binding and 
disturb the activity of the human serine protease 
TMPRSS2. Furthermore, we validated that the coffee 
leaf extracts more effectively inhibited wild-type 
SARS-CoV-2 infecting the host cells and blocking 
mutant strains' entry through Vpp on 293T-ACE2 cells 
and Calu-3 cells. It is implied that coffee leaf extract 
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has the potential to inhibit the entry of SARS-CoV-2. 
In the future, animal models could be executed for in 

vivo studies to assess the efficacy of coffee leaf extract 
as an anti-SARS-CoV-2 drug. 

 

 
Figure 6. Identification of major compounds of the coffee leaf extract exerts inhibitory activity against interactions of spike-ACE2. Mass ion chromatograms of (A) caffeine (m/z 
195.1 → 138.06596), (B) chlorogenic acid (m/z 353.1 → 191.05478), (C) quinic acid (m/z 195.1 → 138.06596), and (D) mangiferin (m/z 421.1 → 301.034836). (E) Mangiferin and 
CGA can block inhibiting Spike-ACE2 activity measured by the Spike-ACE2 TR-FRET experiment, but caffeine and quinic acid had a weak effect on inhibiting Spike-ACE2 activity. 
(F) Mangiferin and CGA, caffeine and quinic acid presented inhibition of wild-type SARS-CoV-2 Vpp on 293T-ACE2 cells. Data were presented as mean ± SEM executed in 
triplicate. Statistical significance was measured by Student t-test, * P < 0.05, ** P < 0.01, *** P < 0.001. 
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Harbourt et al. [45] verified that under laboratory 
conditions, SARS-CoV-2 keeps stable on the skin at 4 
°C for 14 days, at 22 °C for at least 96 hours, and at 37 
°C for at least 8 hours. Hirose et al. [46] additionally 
reported that the stability of SARS-CoV-2 for 9 hours 
on human skin may increase the risk of contact 
transmission, accelerating the pandemic. In the 
skin-like gelatin membranes experiment, we found 
that the pseudovirus can be detected even after 6 
hours of exposure at room temperature. And also, 
within 2 hours of exposure, the infected effectiveness 
did not significantly decline. Ethanol can inactivate 
SARS-CoV-2 in human skin mucus within 15 seconds. 
Proper hand hygiene and ethanol disinfectants can 
lead to rapid inactivation of the virus and may reduce 
the high risk of contact with the infection [46]. 
However, in 2020, the American Association of Poison 
Control Center reported that even small amounts of 
ethanol can lead to confusion, vomiting, breathing 
stops, and death in children (National Poison Data 
System, American Association of Poison Control 
Centers). Moreover, frequent hand sanitizer increases 
the chance of antimicrobial resistance and other viral 
diseases [47, 48]. There are related studies using 
compounds or natural plant extracts for topical or 
skin testing and developing as a barrier to prevent the 
contact or droplet transmission of SARS-CoV-2. For 
instance, an insect repellent that contains citric acid is 
sprayed on the skin, Mosi-guard Natural spray. The 
authors had identified that Mosi-guard Natural spray 
SARS-CoV-2 may be against SARS- CoV-2 and has a 
potential for local prevention [49]. Likewise, there is a 
study showing that HIDROX® cream, water-based 
olive pulp extracts rich in hydroxytyrosol, applied on 
the film presents a time- and concentration-dependent 
anti-SARS-CoV-2 efficacy, which can be used to 
improve SARS-CoV-2 control measures [50]. Here, we 
used skin-like gelatin membranes to simulate the skin 
test, and the results show that 100 μg/ml coffee leaf 
extract can effectively block the SARS-CoV-2 infection 
within 60 minutes. Even under semi-dry conditions, 
the effect of impeding the entry of SARS-CoV-2 is 
much better than the 75% (w/w) Ethanol group. Our 
research revealed that high coffee leaf extract 
concentrations might help control SARS-CoV-2, and it 
is worthy of further exploration for product 
development.  

In many handled coffee leaf extracts, caffeine, 
CGA, mangiferin, trigonelline, 3-caffeoylquinic acid, 
5-caffeoylquinic acid, rutin, 3,4-dicaffeoylquinic acid, 
and 3,5-dicaffeoylquinic acid were detected [29]. 
Current research revealed that caffeine and CGA are 
associated with antivirus. For example, caffeine can 
delay liver fibrosis, hinder the hepatitis C virus (HCV) 
replication cycle, and improve liver cell function [51]. 

Furthermore, the simulation results indicated that 
caffeine presented a good binding affinity with 
SARS-CoV-2 3-chymotrypsin-like protease (3CLpro) 
[52]. CGA is considered the main component of the 
antioxidant activity of coffee leaves, which can 
eliminate free radicals and metals and adjust 
antioxidant enzymes [31, 53]. According to reports, 
1H-NMR and LC-MS metabolomics analysis revealed 
that CGA has anti-HSV activity [54]. And, the virtual 
calculation results of molecular docking showed that 
CGA binds stably to Gln325 and Gln42/Asp38 in 
ACE2, respectively, and blocks the binding of 
S-protein to ACE2 [55]. Compared with the previous 
report [56], our LC-HRMS analysis of coffee leaf 
(Coffea Arabica) had a similar pattern. Further, we 
found four major compounds in the coffee leaf (Coffea 
Arabica), such as caffeine, CGA, quinic acid, and 
mangiferin. In the Spike-ACE2 TR-FRET experiment, 
CGA seemed to slightly better inhibit Spike-ACE2 
than the other three compounds. It is speculated that 
the activity of unique compounds in the coffee leaf 
has the potential to block the entry of SARS-CoV-2.  

Conclusions 
In conclusion, our research verified that coffee 

leaf extract potently inhibits Vpp infection through an 
ACE2-dependent mechanism. It could be a valuable 
supplement to the daily diet and may also be a 
promising alternative source for hand sanitizer or 
spray-like disinfectants to prevent infection of 
SARS-CoV-2. 

Abbreviations 
ACE2: angiotensin-converting enzyme 2; CGA: 

chlorogenic acid; COVID-19: Coronavirus Disease 
2019; FRET: fluorescence resonance energy transfer; 
SARS-CoV-2: Severe Acute Respiratory Syndrome 
Coronavirus Type 2; TMPRSS2: transmembrane 
protease serine 2; VOC: variants of concern; Vpp: 
SARS-CoV-2 pseudo-particles. 

Supplementary Material  
Supplementary figure and table.  
https://www.ijbs.com/v18p4677s1.pdf  

Acknowledgements 
We thank the National RNAi Core Facility at 

Academia Sinica in Taiwan for supplying all SARS- 
CoV-2S viral pseudo-particles and related services. 
The support of LC-HRMS measurements from The 
Instrument Center of National Chung Hsing 
University is also greatly appreciated. We are also 
grateful for partial financial support from MOST, 
MOST 109-2327-B-039-003 and MOST 110-2639- 
B-039-001-ASP. 



Int. J. Biol. Sci. 2022, Vol. 18 
 

 
https://www.ijbs.com 

4688 

Funding 
This work was supported by grants from the 

Ministry of Science and Technology, Taiwan (MOST 
109-2327-B-039-003, and MOST 110-2639-B-039-001- 
ASP). 

Consent for publication  
All authors consent to the publication of the 

manuscript. 

Author contributions 
C.-S. W., Y. C., C.-Y. C., and H.-F. C. designed 

and conducted research, analyzed data. H.-M. C. 
provided essential materials (collecting and extracting 
natural plants). W.-C. S., W.-J. W., and Y.-C. C. 
participated in the design vpp-related experiments. 
W.-C. C. and S.-C. W. provided technical assistance. 
C.-S.W. and M.-C.H. prepared the manuscript. M.-C. 
H. supervised the entire project and coordinated the 
collaborating groups. All authors have agreed to 
submit the version of the manuscript. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Cui J, Li F, Shi ZL. Origin and evolution of pathogenic coronaviruses. Nature 

reviews Microbiology. 2019; 17: 181-92. 
2. Wu JT, Leung K, Leung GM. Nowcasting and forecasting the potential 

domestic and international spread of the 2019-nCoV outbreak originating in 
Wuhan, China: a modelling study. Lancet. 2020; 395: 689-97. 

3. Hu B, Guo H, Zhou P, Shi ZL. Characteristics of SARS-CoV-2 and COVID-19. 
Nature reviews Microbiology. 2021; 19: 141-54. 

4. Li F. Structure, Function, and Evolution of Coronavirus Spike Proteins. 
Annual review of virology. 2016; 3: 237-61. 

5. Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Herrler T, Erichsen S, 
et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked 
by a Clinically Proven Protease Inhibitor. Cell. 2020; 181: 271-80.e8. 

6. Alam N, Higgins MK. A spike with which to beat COVID-19? Nature reviews 
Microbiology. 2020; 18: 414. 

7. Davies NG, Klepac P, Liu Y, Prem K, Jit M, group CC-w, et al. Age-dependent 
effects in the transmission and control of COVID-19 epidemics. Nature 
medicine. 2020; 26: 1205-11. 

8. Weber S, Ramirez CM, Weiser B, Burger H, Doerfler W. SARS-CoV-2 
worldwide replication drives rapid rise and selection of mutations across the 
viral genome: a time-course study - potential challenge for vaccines and 
therapies. EMBO molecular medicine. 2021; 13: e14062. 

9. Hossain MK, Hassanzadeganroudsari M, Apostolopoulos V. The emergence 
of new strains of SARS-CoV-2. What does it mean for COVID-19 vaccines? 
Expert review of vaccines. 2021; 20: 635-8. 

10. Burki T. Understanding variants of SARS-CoV-2. Lancet. 2021; 397: 462. 
11. Toovey OTR, Harvey KN, Bird PW, Tang JWW. Introduction of Brazilian 

SARS-CoV-2 484K.V2 related variants into the UK. The Journal of infection. 
2021; 82: e23-e4. 

12. Tang JW, Toovey OTR, Harvey KN, Hui DDS. Introduction of the South 
African SARS-CoV-2 variant 501Y.V2 into the UK. The Journal of infection. 
2021; 82: e8-e10. 

13. Collier DA, De Marco A, Ferreira I, Meng B, Datir RP, Walls AC, et al. 
Sensitivity of SARS-CoV-2 B.1.1.7 to mRNA vaccine-elicited antibodies. 
Nature. 2021; 593: 136-41. 

14. Kumar S. Second wave of COVID-19: Emergency situation in India. Journal of 
travel medicine. 2021; 28: taab082. 

15. Callaway E. Heavily mutated Omicron variant puts scientists on alert. Nature. 
2021; 600: 21. 

16. Shuai H, Chan JF, Hu B, Chai Y, Yuen TT, Yin F, et al. Attenuated replication 
and pathogenicity of SARS-CoV-2 B.1.1.529 Omicron. Nature. 2022; 603: 693-9. 

17. Meng B, Abdullahi A, Ferreira I, Goonawardane N, Saito A, Kimura I, et al. 
Altered TMPRSS2 usage by SARS-CoV-2 Omicron impacts infectivity and 
fusogenicity. Nature. 2022; 603: 706-14. 

18. Song P, Karako T. The strategy behind Japan's response to COVID-19 from 
2020-2021 and future challenges posed by the uncertainty of the Omicron 
variant in 2022. Bioscience trends. 2022; 15: 350-2. 

19. Tillett RL, Sevinsky JR, Hartley PD, Kerwin H, Crawford N, Gorzalski A, et al. 
Genomic evidence for reinfection with SARS-CoV-2: a case study. The Lancet 
Infectious diseases. 2021; 21: 52-8. 

20. Huang ST, Chen Y, Chang WC, Chen HF, Lai HC, Lin YC, et al. Scutellaria 
barbata D. Don Inhibits the Main Proteases (M(pro) and TMPRSS2) of Severe 
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection. Viruses. 
2021; 13: 826. 

21. Boozari M, Hosseinzadeh H. Natural products for COVID-19 prevention and 
treatment regarding to previous coronavirus infections and novel studies. 
Phytotherapy research : PTR. 2021; 35: 864-76. 

22. Mhatre S, Srivastava T, Naik S, Patravale V. Antiviral activity of green tea and 
black tea polyphenols in prophylaxis and treatment of COVID-19: A review. 
Phytomedicine : international journal of phytotherapy and 
phytopharmacology. 2021; 85: 153286. 

23. Wang SC, Chen Y, Wang YC, Wang WJ, Yang CS, Tsai CL, et al. Tannic acid 
suppresses SARS-CoV-2 as a dual inhibitor of the viral main protease and the 
cellular TMPRSS2 protease. American journal of cancer research. 2020; 10: 
4538-46. 

24. Wang SC, Chou IW, Hung MC. Natural tannins as anti-SARS-CoV-2 
compounds. International Journal of Biological Sciences. 2022; 18: 3818-26. 

25. Rodrigues da Silva M, Sanchez Bragagnolo F, Lajarim Carneiro R, de Oliveira 
Carvalho Pereira I, Aquino Ribeiro JA, Martins Rodrigues C, et al. Metabolite 
characterization of fifteen by-products of the coffee production chain: From 
farm to factory. Food chemistry. 2021; 369: 130753. 

26. Klingel T, Kremer JI, Gottstein V, Rajcic de Rezende T, Schwarz S, 
Lachenmeier DW. A Review of Coffee By-Products Including Leaf, Flower, 
Cherry, Husk, Silver Skin, and Spent Grounds as Novel Foods within the 
European Union. Foods. 2020; 9: 665. 

27. Chen X. A review on coffee leaves: Phytochemicals, bioactivities and 
applications. Critical reviews in food science and nutrition. 2019; 59: 1008-25. 

28. Chen XM, Ma Z, Kitts DD. Effects of processing method and age of leaves on 
phytochemical profiles and bioactivity of coffee leaves. Food chemistry. 2018; 
249: 143-53. 

29. Patay EB, Bencsik T, Papp N. Phytochemical overview and medicinal 
importance of Coffea species from the past until now. Asian Pacific journal of 
tropical medicine. 2016; 9: 1127-35. 

30. Jyotshna, Khare P, Shanker K. Mangiferin: A review of sources and 
interventions for biological activities. BioFactors. 2016; 42: 504-14. 

31. Upadhyay R, Mohan Rao LJ. An outlook on chlorogenic acids-occurrence, 
chemistry, technology, and biological activities. Critical reviews in food 
science and nutrition. 2013; 53: 968-84. 

32. Chen X, Mu K, Kitts DD. Characterization of phytochemical mixtures with 
inflammatory modulation potential from coffee leaves processed by green and 
black tea processing methods. Food chemistry. 2019; 271: 248-58. 

33. Chiang HM, Lin TJ, Chiu CY, Chang CW, Hsu KC, Fan PC, et al. Coffea 
arabica extract and its constituents prevent photoaging by suppressing MMPs 
expression and MAP kinase pathway. Food and chemical toxicology : an 
international journal published for the British Industrial Biological Research 
Association. 2011; 49: 309-18. 

34. Wu PY, Huang CC, Chu Y, Huang YH, Lin P, Liu YH, et al. Alleviation of 
Ultraviolet B-Induced Photodamage by Coffea arabica Extract in Human Skin 
Fibroblasts and Hairless Mouse Skin. International journal of molecular 
sciences. 2017; 18: 782. 

35. Chen Y, Huang WC, Yang CS, Cheng FJ, Chiu YF, Chen HF, et al. Screening 
strategy of TMPRSS2 inhibitors by FRET-based enzymatic activity for 
TMPRSS2-based cancer and COVID-19 treatment. American journal of cancer 
research. 2021; 11: 827-36. 

36. Alarcon-Segovia LC, Daza-Agudelo JI, Rintoul I. Multifactorial Effects of 
Gelling Conditions on Mechanical Properties of Skin-Like Gelatin Membranes 
Intended for In Vitro Experimentation and Artificial Skin Models. Polymers. 
2021; 13: 1991. 

37. Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, et al. Structure of the SARS-CoV-2 
spike receptor-binding domain bound to the ACE2 receptor. Nature. 2020; 581: 
215-20. 

38. Hu J, Gao Q, He C, Huang A, Tang N, Wang K. Development of cell-based 
pseudovirus entry assay to identify potential viral entry inhibitors and 
neutralizing antibodies against SARS-CoV-2. Genes & diseases. 2020; 7: 551-7. 

39. Ben-Shabat S, Yarmolinsky L, Porat D, Dahan A. Antiviral effect of 
phytochemicals from medicinal plants: Applications and drug delivery 
strategies. Drug delivery and translational research. 2020; 10: 354-67. 

40. Campa C, Mondolot L, Rakotondravao A, Bidel LP, Gargadennec A, Couturon 
E, et al. A survey of mangiferin and hydroxycinnamic acid ester accumulation 
in coffee (Coffea) leaves: biological implications and uses. Annals of botany. 
2012; 110: 595-613. 

41. Xue M, Shi H, Zhang J, Liu QQ, Guan J, Zhang JY, et al. Stability and 
Degradation of Caffeoylquinic Acids under Different Storage Conditions 
Studied by High-Performance Liquid Chromatography with Photo Diode 
Array Detection and High-Performance Liquid Chromatography with 
Electrospray Ionization Collision-Induced Dissociation Tandem Mass 
Spectrometry. Molecules. 2016; 21: 948. 



Int. J. Biol. Sci. 2022, Vol. 18 
 

 
https://www.ijbs.com 

4689 

42. Sytar O, Brestic M, Hajihashemi S, Skalicky M, Kubes J, Lamilla-Tamayo L, et 
al. COVID-19 Prophylaxis Efforts Based on Natural Antiviral Plant Extracts 
and Their Compounds. Molecules. 2021; 26: 727. 

43. V'Kovski P, Kratzel A, Steiner S, Stalder H, Thiel V. Coronavirus biology and 
replication: implications for SARS-CoV-2. Nature reviews Microbiology. 2021; 
19: 155-70. 

44. Li X, Zhang Y, He L, Si J, Qiu S, He Y, et al. Immune response and potential 
therapeutic strategies for the SARS-CoV-2 associated with the COVID-19 
pandemic. Int J Biol Sci. 2022; 18: 1865-77. 

45. Harbourt DE, Haddow AD, Piper AE, Bloomfield H, Kearney BJ, Fetterer D, et 
al. Modeling the stability of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) on skin, currency, and clothing. PLoS neglected tropical 
diseases. 2020; 14: e0008831. 

46. Hirose R, Ikegaya H, Naito Y, Watanabe N, Yoshida T, Bandou R, et al. 
Survival of SARS-CoV-2 and influenza virus on the human skin: Importance 
of hand hygiene in COVID-19. Clinical infectious diseases : an official 
publication of the Infectious Diseases Society of America. 2020; 73: 
e4329-e4335. 

47. Pidot SJ, Gao W, Buultjens AH, Monk IR, Guerillot R, Carter GP, et al. 
Increasing tolerance of hospital Enterococcus faecium to handwash alcohols. 
Science translational medicine. 2018; 10: eaar6115. 

48. Mahmood A, Eqan M, Pervez S, Alghamdi HA, Tabinda AB, Yasar A, et al. 
COVID-19 and frequent use of hand sanitizers; human health and 
environmental hazards by exposure pathways. The Science of the total 
environment. 2020; 742: 140561. 

49. Smither SJ, Eastaugh LS, Findlay JS, Laws TR, Marriott SN, Notman S, et al. 
Investigative study into whether an insect repellent has virucidal activity 
against SARS-CoV-2. The Journal of general virology. 2021; 102: 001585. 

50. Takeda Y, Jamsransuren D, Matsuda S, Crea R, Ogawa H. The 
SARS-CoV-2-Inactivating Activity of Hydroxytyrosol-Rich Aqueous Olive 
Pulp Extract (HIDROX((R))) and Its Use as a Virucidal Cream for Topical 
Application. Viruses. 2021; 13: 232. 

51. Batista MN, Carneiro BM, Braga AC, Rahal P. Caffeine inhibits hepatitis C 
virus replication in vitro. Archives of virology. 2015; 160: 399-407. 

52. Elzupir AO. Caffeine and caffeine-containing pharmaceuticals as promising 
inhibitors for 3-chymotrypsin-like protease of SARS-CoV-2. Journal of 
biomolecular structure & dynamics. 2022; 40: 2113-20. 

53. Liang N, Xue W, Kennepohl P, Kitts DD. Interactions between major 
chlorogenic acid isomers and chemical changes in coffee brew that affect 
antioxidant activities. Food chemistry. 2016; 213: 251-9. 

54. Prinsloo G, Vervoort J. Identifying anti-HSV compounds from unrelated 
plants using NMR and LC-MS metabolomic analysis. Metabolomics : Official 
journal of the Metabolomic Society. 2018; 14: 134. 

55. Yu JW, Wang L, Bao LD. Exploring the active compounds of traditional 
Mongolian medicine in intervention of novel coronavirus (COVID-19) based 
on molecular docking method. Journal of functional foods. 2020; 71: 104016. 

56. Duangsodsri T, Villain L, Vestalys IR, Michalet S, Abdallah C, Breitler JC, et al. 
5-CQA and Mangiferin, Two Leaf Biomarkers of Adaptation to Full Sun or 
Shade Conditions in Coffea arabica L. Metabolites. 2020; 10: 383. 

 


